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I. INTRODUCTION 

A .  Purpose 

S e v e r a l  major  m e t r i c s  of twenty- four  hour  n o i s e  exposure  i n c o r -  

p o r a t e  a w e i g h t i n g  f a c t o r  i n t e n d e d  t o  accoun t  f o r  presumed 

d i f f e r e n c e s  i n  t h e  . a c c e p t a b i l i t y  o f  n o i s e  i n t r u s i o n s  a t  d i f f e r e n t  

times o f  day .  Although differing somewhat i n  form, t h e  m e t r i c s  

d i v i d e  t h e  twen ty - four  h o u r . d a y  i n t o  two o r  more p e r i o d s  o v e r  

which a c o n s t a n t  w e i g h t i n g  f a c t o r  i s  a p p l i e d .  The w e i g h t i n g  

f a c t o r  i s  a d e c i b e l - l i k e  number added a r i t h m e t i c a l l y  t o  a  

measured sound l e v e l .  ; T h u s ,  sounds a t  some t i m e s  o f  day a r e  

t r e a t e d  as though t h e y . w e r e  n o i s i e r  t h a n  t h e y  r e a l l y  were p r i o r  

t o  cumula t ion  o v e r  a twe.nty-four  hour  ' p e r i o d  i , n t o  a  s i n g l e  

number r a t i n g  o f  d a i l y  n o i s e  exposure .  

The e s s e n t i a l  d i f f e r e n c e s  between c u m u l a t i v e  i n d i c e s  a r e  1) t h e  

number o f  p e r i o d s  i n t o  which t h e  twen ty - four  h o u r  p e r i o d  i s  

d i v i d e d ;  2 )  t h e  t i m e  b o u n d a r i e s  o f  t h e  p e r i o d s ;  and 3 )  t h e  

magnitude of  t h e  w e i g h t i n g  f a c t o r  f o r  each  p e r i o d .  

The o v e r a l l  g o a l  of  t h e  c u r r e n t  s t u d y  was t h e  development o f  

s e v e r a l  o p e r a t i o n a l  d e f i n i t i o n s  f o r  t.he r e l a t i v e  annoyance of  

n o i s e  i n t r u s i o n s  a t  d i f f e r e n t  t i m e s  o f  day and t h e  a p p l i c a t i o n  

o f  t h e s e  d e f i n i t i o n s  t o  a r e a l  t i m e  s u r v e y  o f  a i r c r a f t  n o i s e  

i n t r u s i o n s  i n  p e o p l e s '  homes. The r e s u l t s  o f  t h e  s t u d y  would 

p r o v i d e  d a t a  f o r  f u t u r e  s e l e c t i o n  o f  t i m e  of day  w e i g h t i n g  

f a c t o r s .  



. . 
6 .  R e p o r t  O r g a n i z a t i o n  

Section I1 provides a brief historical account of the use of 

time of day weighting factors in twenty-four hour noise metrics. 

The reader interested .in an overview of the study need read 

only the introductory paragraph of Sections 111, IVY and V 

before reading the Discussion and Conclusions in Sections VI 

and VII, Section I11 describes the method used to, obtain data 

which in turn was analyzed by the procedure described in 

Section IV. Results are presented in Section V, followed by a 

discussion (including possible sources of error) in Section VI. 

Section VII provides a number of conclusions regarding procedural 

and substantive aspects of the study. The appendices provide 

additional information on data acquisition equipment, instructions 

to respondents, and detailed noise environment statistics. 



I I .  BACKGROUND 

R o s e n b l i t h  e t  a l .  o r i g i n a t e d  t h e  concep t  of a n i g h t t i m e  a d j u s t -  

ment t o  n o i s e  exposure  i n  1953 w i t h  a commonsensical argument 

t o  t h e  e f f e c t  t h a t  n i g h t t i m e  n o i s e  exposure  i s  n o t  masked by 

ambient  n o i s e  t o  t h e  sam; d e g r e e  as day t ime  e x p o s u r e .  An 

e n t i r e l y  a d  hoc " c o r r e l a t i o n "  o f  -1 i n  t h e  l e v e l  r a n k  p r o c e d u r e  

was s u g g e s t e d  t o  accoun t  f o r  t h i s  e f f e c t .  T h i s  a d j u s t m e n t  was 

tan tamount  t o  a  f i v e  d e c i b e l  d i f f e r e n t i a l  between "dayt ime on ly"  

and round- the-c lock  o r  n i g h t t i m e  n o i s e s  (Gal loway,  1 9 7 7 ) .  
\ 

When i n c o r p o r a t e d  i n t o  Community Noise R a t i n g s  ( C N R )  and Noise 

Exposure F o r e c a s t s  (NEF) r a t i n g  methods t e n  y e a r s  l a t e r ,  t h e  

f i v e  d e c i b e l  c o r r e c t i o n  was doubled  on t h e  bas is  o f  a n  argument 

c o n s t r u c t e d  from t h e  1961  Heathrow A i r p o r t  s u r v e y .  It was 

c l a imed  t h a t  "a r e d u c t i o n  o f  17  N N I  u n i t s  was r e q u i r e d  t o  a c h i e v e  

t h e  same a c c e p t a b i l i t y  f o r  n i g h t t i m e  a i r c r a f t  o p e r a t i o n s  a s  f o r  

day o p e r a t i o n s "  (Gal loway,  1 9 7 7 ) .  Seven teen  N N I  u n i t s  can  be 

c o n v e r t e d  t o  e l e v e n  u n i t s  on t h e  C N R  o r  NEF s c a l e s  by assumpt ion  

o f  a f i x e d  n o i s e  l e v e l .  O l l e r h e a d  (1978)  h a s  n o t e d  t h e  l o g i c a l  

weaknesses  i n  t h i s  argument .  

O t h e r  methods o f  a s s e s s i n g  t h e  a c c e p t a b i l i t y  o f  a i r c r a f t  n o i s e  

exposure  have s u b s e q u e n t l y  adop ted  a d j u s t m e n t s  o f  f i v e  t o  f i f t e e n  

d e c i b e l s  t o  accoun t  f o r  t i m e  o f  d a y  e f f e c t s  d u r i n g  v a r i o u s  

p e r i o d s  o f  day ,  e v e n i n g ,  and n i g h t .  

The n e c e s s i t y  of  a n i g h t t i m e  p e n a l t y  f o r  a i r c r a f t  n o i s e  has  be- 

come i n c r e a s i n g l y  q u e s t i o n e d  i n  t h e  l a s t  few y e a r s .  The c u r r e n t  

r a t i o n a l e  f o r  t h e t e n d B  n i g h t t i m e  p e n a l t y  common t o  many i n t e g r a t e d  



measures  o f  a i r c r a f t  and community n o i s e  i s  l a r g e l y  c o n j e c t u r a l .  I 
The p e n a l t y  i s  based  more on i n t u i t i o n  t h a n  upon e m p i r i c a l  

e v i d e n c e .  I n f o r m a t i o n  from f i e l d  s t u d i e s  c a n  h a r d l y  b e  sa , id  

t o  s u p p o r t  a p e n a l t y  a t  a l l ,  s i n c e  t h e  u s u a l  d r o p  i n  n o i s e  

l e v e l s  a t  n i g h t  makes i t  d i f f i c u l t  t o  d i s c r i m i n a t e  d i f f e r e n c e s  

i n  e f f e c t  from d i f f e r e n c e s  i n  exposure .  
I 

L 

Conven t iona l  s t u d i e s  o f  n i g h t t i m e  p e n a l t i e s  have f a i l e d  t o  sub- 

s t a n t i a t e  t h e  need f o r  a n i g h t t i m e  p e n a l t y .  A s o c i a l  su rvey  

conduc ted  by BBN ( F i d e l l  and J o n e s ,  1976) a t  Los Angeles  1n t&-  I 
n a t i o n a l  A i r p o r t  d e m o n s t r a t e d  t h a t  a l a t e  n i g h t  cur few had 

e s s e n t i a l l y  no s h o r t  t e r m  e f f e c t  on t h e  annoyance o r  s e l f - r e p o r t e d  

s l e e p  q u a l i t y  o f  t h e  p e o p l e  who were most d i r e c t l y  a f f e c t e d  by 

t h e  change i n  o p e r a t i o n s .  - I n  f a c t ,  most p e o p l e  f a i l e d  t o  n o t i c e  

t h e  c e s s a t i o n  o f  n i g h t t i m e  l a n d i n g  n o i s e .  

N i g h t t i m e  p e n a l t i e s  c u r r e n t l y  imposed on a i r c r a f t  n o i s e  a r e  

i n f e r r e d  from t h e  d a t a  o f  i n v e s t i g a t i o n s  u s i n g  f o u r  d i f f e r e n t  

m e t h o d o l o g i e s :  c a s e  s t u d i e s ,  s o c i a l  s u r v e y s , , l a b o r a t o r y  s t u d i e s  

o f  s l e e p ,  and a r t i f i c i a l - e x p o s u r e  e x p e r i m e n t s .  It i s  e n t i r e l y  

p o s s i b l e  t h a t  n i g h t t i m e  p e n a l t i e s  may be t h e  r e s u l t  o f  p r o c e d u r a l  

and s u b s t a n t i v e  flaws o f  t h e s e  d i s p a r a t e  s t u d i e s  r a t h e r  t h a n  an t  

i n d i c a t i o n  o f  t h e  need  f o r  such  p e n a l t i e s .  

C o n s i d e r ,  f o r  example,  c a s e  s t u d i e s  of  community r e a c t i o n  t o  

a i r c r a f t  n o i s e  e x p o s u r e  ( e . g . ,  S t evens  e t  a l .  ( 1 9 5 5 ) ) .  Case 

s t u d i e s  t e n d  t o  f o c u s  on i n v e s t i g a t i o n s  o f  c o m p l a i n t s  r e s u l t i n g  

from a i r c r a f t  n o i s e ,  t h u s  m i s s i n g  t h e  b u l k  o f  t h e  e f f e c t s  o f  1, 

n o i s e  exposure .  S t a t i s t i c a l l y ,  t h e  r e s u l t s  o f  such  i n v e s t i g a t i o n s  

c a n n o t  be g e n e r a l i z e d  t o  l a r g e r  p o p u l a t i o n s  due  t o  t h e  l i m i t e d  1 



sample invo lved .  Also,  t h e  a u t h o r ' s  o p i n i o n s  u s u a l l y  s e r v e  a s  

t h e  b a s i s  f o r  e s t i m a t i n g  t h e  magnitude o f  t h e  n i g h t t i m e  p e n a l t y ,  

wi thou t  q u a n t i t a t i v e  f o u n d a t i o n .  

S o c i a l  su rveys  have a l s o  been used t o  i n v e s t i g a t e  community 

r e a c t i o n  t o  a i r c r a f t  n o i s e  exposure .  These s u r v e y s  o f t e n  i n c l u d e  

q u e s t i o n s  abou t  r e s p o n d e n t s f  a t t i t u d e s  toward n o i s e  exposure  a t  

n i g h t .  1n.ferences abou t  n i g h t t i m e  p e n a l t i e s  drawn from s o c i a l  

s u r v e y s  o f t e n  l a c k  l o g i c a l  r i g o r  and s t a t i s t i c a l  v a l i d i t y .  

F i r s t ,  a n a l y s e s  of  s ' o c i a l  su rvey  d a t a  do n o t  u s u a l l y  account  f o r  

s u b s t a n t i a l  demographic d i f f e r e n c e s  between day t ime  and n i g h t t i m e  

p o p u l a t i o n s  o f n e i g h b o r h o o d s .  Thus, i n f e r e n c e s  drawn from s o c i a l  

su rvey  d a t a  combine t h e  o p i n i o n s  of peop le  who have d i f f e r e n t  

d e g r e e s  o f  f a m i l i a r i t y  w i t h  dayt ime neighborhood n o i s e  c o n d i t i o n s .  

The r e s u l t  cou ld  p o s s i b l y  be a b i a s  i n  f a v o r  o f  a n ight t , ime 

p e n a l t y .  

~ n o t ' h e r  b a s i c  d e f i c i e n c y  of  s o c i a l  su rvey  i n f o r m a t i o n  i s  i t s  l a c k  

o f  immediacy o r  s p e c i f i c i t y .  S o c i a l  s u r v e y s  n e v e r  d i r e c t l y  measure 

t h e  a c t u a l  e f f e c t s  of a i r c r a f t  n o i s e  exposure  a t  d i f f e r e n t  t i m e s  

o f  t h e  day,  bu t  r a t h e r  r e l y  on de layed  s e l f - r e p o r t s  o f  r e s p o n d e n t s .  

A l a r g e  b u t  unknown number o f  f a c t o r s  i n t e r v e n e  between t h e  d i r e c t  

e x p e r i e n c e  o f  annoyance o r  a c t i v i t y  i n t e r f e r e n c e  from a i r c r a f t  . 

n o i s e  i n t r u s i o n s  and subsequent  i n t e r v i e w i n g .  

A f i n a l  problem of i n f e r r i n g  t ime  of day f a c t o r s  from s o c i a l  

su rvey  d a t a  i s  t h e  h igh  d e g r e e  o f  a r g u a b l e  s t a t i s t i c a l  t r e a t m e n t  

needed t o  e s t i m a t e  t h e i r  magnitude from t h e  r e s p o n s e  d a t a .  Of ten  

t h e r e  i s  l i t t l e  j u s t i f i c a t i o n  f o r  t h e  e l a b o r a t e  s t a t i s t i c a l  t reat-  

ments t o  which t h e  d a t a  a r e  s u b j e c t e d  ( f a c t o r  a n a l y s i s ,  s c a l e  



c o n s t r u c t i o n ,  e t c . ) .  I n  many c a s e s  a l t e r n a t i v e . s t a t i s t i c a 1  

t r e a t m e n t s  o f  t h e  same d a t a ,  e q u a l l y ' p l a u s i b l e  and r e a s o n a b l e ,  

s u p p o r t  d i f f e r e n t  c o n c l u s i o n s  a b o u t  t h e  n e c e s s i t y  and magnitude 

o f  n i g h t t i m e  p e n a l t i e s .  

L a b o r a t o r y  s t u d i e s  o f  t h e  e f f e c t s  o f  n o i s e  exposure  on s l e e p  

a l s o  s u f f e r  f rom a number o f  d e f i c i e n c i e s .  F i r s t ,  i n f e r e n c e s  

must be drawn f rom a - s m a l l  sample of  t e s t  s u b j e c t s  t o  s u p p o r t  

g e n e r a l i z a t i o n s  t o  t h e  r e a l  wor ld .  Second, t h e  obv ious  a r t i f i -  
I 

c i a l i t y  o f  s l e e p i n g  i n  a  l a b o r a t o r y  r a t h e r  t h a n  i n  f a m i l i a r  

q u a r t e r s  i s  n e v e r  a d e q u a t e l y  r e s o l v e d .  Perhaps  most i m p o r t a n t l y ,  
SI 

i t  i s  n o t  a t  a l l  c l e a r  how t h e  r e l a t i v e  e f f e c t s  o f  day t ime  and 

n i g h t t i m e  exposure  c a n  be i n f e r r e d  from a  s t u d y  o f  n i g h t t i m e  
I 

e f f e c t s  a l o n e .  

These and o t h e r  d e f i c i e n c i e s  o f  d a t a  produced by c o n v e n t i o n a l  

s t u d i e s  o f  n i g h t t i m e  p e n a l t i e s  s u g g e s t e d  t h e  need f o r  a n  inno-  

v a t i v e  approach .  i n  t h e  c u r r e n t  s t u d y .  A t e c h n i q u e  was developed 

f o r  r e a l  t i m e  measurement o f  annoyance from a i r c r a f t  no i se .  S 
d u r i n g  morning,  a f t e r n o o n ,  even ing  and n i g h t  p e r i o d s  i n  r e s i -  

d e n t i a l  s e t t i n g s .  T h e  p rocedure  i s  d e s c r i b e d  i n  d e t a i l  i n .  t h e  

f o l l o w i n g  s e c t i o n .  



111. METHOD 

A .  O v e r v i e w  

People i n  t h e i r  own homes r a t e d  t h e i r  annoyance t o  i n d i v i d u a l  

a i r c r a f t  f l y o v e r s  f o r  p e r i o d s  o f  two t o  f o u r  weeks. S imul taneous  

moni to r ing  o f  a i r c r a f t  sound l e v e l s  p e r m i t t e d  c o r r e l a t i o n  between 

judged annoyance and ou tdoor  a i r c r a f t  sound l e v e l s ,  a s  e x p l a i n e d  

i n  S e c t i o n  I V  o f  t h i s  r e p o r t .  I n  a d d i t i o n ,  a  pos t - s tudy  ques-  

t i o n n a i r e  s o l i c i t i n g  demographic and a t t i t u d i n a l  i n f o r m a t i o n  was 

a d m i n i s t e r e d  t o  a l l  t e s t  p a r t i c i p a n t s .  

B .  Annoyance Response M e a s u r e  

A c o n s i s t e n t  measure of dayt ime and n i g h t t i m e  annoyance r e s p o n s e s  

was sought  i n  o r d e r  t o  a v o i d  t h e  problem of "comparing a p p l e s  

w i t h  oranges" ,  t h u s  u n n e c e s s a r i l y  c o m p l i c a t i n g  t h e  r e l a t i v e  

assessment  of  dayt ime and n i g h t t i m e  a i r c r a f t  n o i s e  i n t r u s i o n s .  

The t e c h n i q u e  employed f o r  a t t a i n i n g  t h e s e  r e s p o n s e s  was s i m i l a r  

t o  one used s u c c e s s f u l l y  by F i d e l l  e t  a l .  (1973) t o  measure r e a l  

t ime  annoyance i n  neighborhoods exposed t o  a i r c r a f t  n o i s e .  The 

method h a s  s i n c e  independen t ly  been reconf i rmed  by P u r c e l l  and 

Thorne (1977) .  

The d a t a  c o l l e c t i o n  a p p a r a t u s  c o n s i s t e d  o f  f o u r  p i e c e s  o f  equip-  

ment: 1) a  s imple  f o u r - d i g i t  mechanica l  c o u n t e r  a t t a c h e d  t o  a 

nylon w a i s t  s t r a p ;  2 )  a n  i n e x p e n s i v e  d i g i t a l  w r i s t w a t c h ;  3 )  a  

s e t  of p o s t c a r d s  f o r  d a i l y  r e p o r t i n g  of mechanica l  c o u n t e r  r e a d i n g s ;  

and 4 ) . a  s e t  of  d e t a i l e d  t e s t  i n s t r u c t i o n s  r e g a r d i n g  u s e  of  t h e  

equipment.  A copy of  t h e  t e s t  i n s t r u c t i o n s  and sample p o s t c a r d s  

f o r  t h e  two a i r p o r t s  a r e  shown i n  Appendix A .  



The mechan ica l  c o u n t e r  s e r v e d  as t h e  annoyance judgment mani- 

pulandum. The c o u n t e r  was equipped w i t h  a  s i n g l e  b u t t o n  which 

inc remen ted  t h e  count  by one each  t i m e  i t  was d e p r e s s e d .  The 

r e s e t  knob was removed s o  t h a t  t h e  coun t  c o u l d  n o t  be u n i n t e n -  

t i o n a l l y  a l t e r e d .  The nylon  waist s t r a p  was p r o v i d e d  s o  t h e  

c o u n t e r  c o u l d  be c o n v e n i e n t l y  c a r r i e d  by t h e  p a r t i c i p a n t .  

T e s t  p a r t i c i p a n t s  were i n s t r u c t e d  t o  p r e s s  t h e  b u t t o n  on t h e  

c o u n t e r  once ,  wh.enever t h e y  h e a r d  a n  a i r c r a f t  f l y o v e r  t h a t  t h e y  

would r a t h e r  n o t  have hea rd  a t  t h e  moment i t  o c c u r r e d .  With 

t h i s  g u i d e l i n e ,  p a r t i c i p a n t s  were. f r e e  t o  d e v e l o p  t h e i r  own 

c r i t e r i a  f o r  d e c i d i n g  whe the r  a p a r t i c u l a r  a i r c r a f t  n o i s e  i n -  

t r u s i o n  was "annoying" o r  "not  annoying" .  / 

P a r t i c i p a n t s  were a l s o  i n s t r u c t e d  t o  p l a c e  t h e  c o u n t e r  benea th .  

t h e  p i l l o w  upon r e t i r i n g  i n  t h e  e v e n i n g  t o  f a c i l i t a q e  n i g h t t i m e  

a c c e s s .  They were a sked  t o  push  t h e  same p u s h . b u t t o n  i f  t h e y  

were awakened d u r i n g  t h e  n i g h t ,  r e g a r d l e s s  o f  t h e  r e a s o n .  These 

i n s t r u c t i o n s  were i n t e n d e d  t o  b i a s  a n  i n f e r r e d  n i g h t t i m e  t h r e s h o l d  

upward, and a c c e n t u a t e  a  n i g h t t i m e  " p e n a l t y " .  T h i s  t e c h n i q u e  

was s u c c e s s f u l l y  used  i n  a  b e h a v i o r a l  awakening exper iment  

( H o r o n j e f f  e t  a l . ,  1 9 7 8 ) .  The r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e d  

t h a t  o n l y  a  low number o f  spon taneous  awakenings ( l e s s  t h a n  one 

p e r  n i g h t )  c o u l d  n o t  be a t t r i b u t e d  t o  a modera te  t o  h i g h  l e v e l  

t r a n s i e n t  n o i s e  i n t r u s i o n .  

P a r t i c i p a n t s  were i n s t r u c t e d  t o  t r a n s f e r  t h e  number s h o w i n g , o n  

t h e i r  c o u n t e r  t o  t h e  p r e - p r i n t e d  p o s t c a r d  s u p p l i e d  f o r  each  day 

o f  t h e  s t u d y .  They were r e q u i r e d  t o ' c o p y  t h e  c o u n t e r  t o t a l  o n t o  

t h e  p o s t c a r d  l o g  whenever c o n v e n i e n t  th roughou t  t h e  d a y ,  b u t  a t  a 
. . 



minimum upon awakening, a t  lunch t ime ,  a t  d i n n e r t i m e ,  and upon 

r e t i r i n g .  P a r t i c i p a n t s  were a l s o  r e q u e s t e d  t o  t r a n s c r i b e  t h e  

t ime  of  day t o  t h e  p o s t c a r d  from t h e  d i g i t a l  w r i s t w a t c h .  Times 

were t r a n s c r i b e d  t o  t h e  n e a r e s t  minute ,  a l t h o u g h  t h e  w r i s t w a t c h e s  

were i n i t i a l l y  s e t  t o  match t h e  l o c a l  t e l e p h o n e  d i a l - u p  t ime t o  
.S 

t h e  n e a r e s t  two seconds .  The d i g i t a l  w r i s t w a t c h e s  were a l s o  

synchronized t o  t h e  c l o c k  i n  t h e  n o i s e  moni to r .  I n  a d d i t i o n ,  

p a r t i c i p a n t s  were i n s t r u c t e d  t o  l o g  t h e  times when t h e y  were 

away from home s o  t h a t  a i r c r a f t  t h e y  d i d  n o t  h e a r  c o u l d  be 

o m i t t e d  from d a t a  a n a l y s i s .  

P o s t c a r d s  were mai led  t o  B B N 1 s  Los Angeles o f f i c e  d a i l y  t o  

c o n s t a n t l y  moni tor  t h e  p a r t i c i p a n t s r  p r o g r e s s .  T e s t  p a r t i c i p a n t s  

were c o n t a c t e d  by t e l e p h o n e  a t  f r e q u e n t  i n t e r v a l s  throughout  t h e  

e n t i r e  d a t a  c o l l e c t i o n  p e r i o d  t o  de te rmine  whether  any problems 

e x i s t e d  and t o  r e a f f i r m  t h e  s e r i o u s n e s s  o f  i n t e r e s t  i n  t h e i r  

p a r t i c i p a t i o n .  

I n  a d d i t i o n  t o  t h e  i n d i v i d u a l  annoyance r e s p o n s e s  g a t h e r e d  from 

t h e  p a r t i c i p a n t s ,  b r i e f  pre-  and pos t -s tudy q u e s t i o n n a i r e s  were 

a d m i n i s t e r e d .  The q u e s t i o n n a i r e s  a r e  a l s o  i n c l u d e d  i n  Appendix A .  

The q u e s t i o n n a i r e s  s o l i c i t e d  demographic i n f o r m a t i o n  a s  w e l l  a s  

g e n e r a l  f e e l i n g s  of  annoyance t o  a i r c r a f t  n o i s e  b o t h  d u r i n g  t h e  

s t u d y  and over  t h e  p a s t  y e a r .  

Noise Measures 

Cost e f f i c i e n c y  d i c t a t e d  t h a t  t h e  l o n g  t e rm measurement o f  t h e  

n o i s e  environment be performed by an  una t t ended  moni to r ing  

system c a p a b l e  of  r e c o r d i n g  s i n g l e  even t  sound l e v e l s  and t ime  



o f  o c c u r r e n c e  f o r  e a c h  n o i s e  i n t r u s i o n .  One moni to r  sys tem was 

c e n t r a l l y  l o c a t e d  i n  each  of  t h e  f o u r  ne ighborhoods  used  i n  

t h i s  s t u d y .  

The BBN Model 704 employed i n  t h i s  s t u d y  r e p o r t s  t h e  maximum A- 

we igh ted  sound l e v e l ,  t h e  sound exposure  l e v e l  (SEL), and t i m e  

o f  o c c u r r e n c e  o f  e a c h  n o i s e  i n t r u s i o n  which exceeds  a p r e s e t  

t h r e s h o l d  l e v e l .  T h r e s h o l d s  were s e t  a t  69, 66,  72 ,  and 75 dB(A) 

f o r  S i t e s  A ,  B, C ,  and D ,  r e s p e c t i v e l y .  The m o n i t o r  c l o c k  h a s  a  

r e s o l u t i o n  o f  0 . 1  minu te  and was s e t  and m a i n t a i n e d  t o  match 

l o c a l  d i a l - u p  t e l e p h o n e  t ime  t o  a n  a c c u r a c y  o f  - t . 0 . 1  minu te .  

I n s t r u m e n t  c a l i b r a t i o n  was performed d a i l y  a t  t h e  A t l a n t a  s i t e s  

and e v e r y  o t h e r  day a t  t h e  Burbank l o c a t i o n s .  Sound l e v e l  c a l i -  

b r a t i o n  was m a i n t a i n e d  t o  w i t h i n  - + 0 .5  dB. F u r t h e r  d e t a i l s  o f  

t h e  moni to r  sys t ems  a r e  p r e s e n t e d  i n  Appendix B. 

D .  S i t e s  

S i t e s  were chosen  n e a r  two a i r p o r t s  l o c a t e d  i n  Burbank, C a l i f o r n i a ,  

and A t l a n t a ,  Georg ia .  The f i r s t  s i t e ,  Burbank-Glendale-Pasadena 

A i r p o r t  ( B U R ) ;  was s e l e c t e d  p r i m a r i l y  t o  check  t h e  d a t a  c o l l e c t i o n  

and s u b j e c t  s e l e c t i o n  t e c h n i q u e s .  

The Burbank A i r p o r t  i s  l o c a t e d  a p p r o x i m a t e l y  20 m i l e s  n o r t h  o f  

downtown Los Angeles .  The a i r p o r t  s e ' rves  s h o r t  and medium r a n g e  

d e s t i n a t i o n s  w i t h  a p p r o x i m a t e l y  85 commercial  j e t  o p e r a t i o n s  p e r  

day .  A i r c r a f t  t y p e s  a r e  a lmos t  e x c l u s i v e l y  B-72T1s, B-737ls, and 

DC-9's. S e v e r a l  f i x e d  b a s e  o p e r a t o r s  a r e  r e s p o n s i b l e  f o r  numerous 

l i g h t  p r o p e l l e r  a i r c r a f t  o p e r a t i o n s  and a few b u s i n e s s  and je t  

o p e r a t i o n s .  Commercial o p e r a t i o n s  commence between 7  and 8 a . m .  



and c e a s e  between 1 0  and 11 p.m. There a r e ,  however, o c c a s i o n a l  

non-commercial n i g h t  o p e r a t i o n s .  

F i g u r e  1 shows t h e  l o c a t i o n  o f  t h e  a i r p o r t ,  t h e  approximate  

d e p a r t u r e  p a t h  from Runway 15  (which hand les  o v e r  91% o f  a l l  

commercial o p e r a t i o n s ) ,  and t h e  l o c a t i o n s  o f  t e s t  p a r t i c i p a n t  

communities.  Community A ,  l o c a t e d  approx imate ly  1 . 8  m i l e s  ( 3  km) 

from brake  r e l e a s e ,  e x p e r i e n c e s  40 t o  45 commercial a i r c r a f t  

d e p a r t u r e s  p e r  day w i t h  maximum A-weighted sound l e v e l s  o f  95 t o  

105 dB and sound exposure  l e v e l s  (SEL) of  1 0 1  t o  111 dB. The Ldn 

of t h i s  community was e s t i m a t e d  a t  75 t o  80 dB. 

I n  c o n t r a s t ,  Community B y  l o c a t e d  approx imate ly  .9  m i l e s  ( 1 . 4  km) 

t o  t h e  s i d e  of  t h e  d e p a r t u r e  p a t h  e x p e r i e n c e s  maximum l e v e l s  of  

o n l y  80 t o  90 dB(A) and SELts of 89 t o  98 dB. The Ldn i n  Community 

B was e s t i m a t e d ' t o  be 57 t o  62 dB. Both a r e a s  a r e  exposed t o  t h e  

same o v e r f l i g h t s .  Houses i n  b o t h  a r e a s  a r e  s i n g l e  f a m i l y  r e s i -  

dences  of  s i m i l a r  age  and c o n s t r u c t i o n .  

The a i r p o r t  a t  which t h e  m a j o r i t y  of d a t a  c o l l e c t i o n  took  p l a c e  

was t h e  A t l a n t a - H a r t s f i e l d  I n t e r n a t i o n a l  A i r p o r t  i n  A t l a n t a ,  

Georg ia .  T h i s  a i r p o r t  was s e l e c t e d  because o f  t h e  r e l a t i v e l y  

h i g h  p e r c e n t a g e  o f  n i g h t t i m e  f l i g h t s  ( 1 5 % )  and communities exposed 

t o  a i r c r a f t  n o i s e  l o c a t e d  f a i r l y  c l o s e  t o  t h e  a i r p o r t .  F i g u r e  2 

shows t h e  Loca t ion  o f  t h e  two communities s e l e c t e d  f o r  t h e  n o i s e  

su rvey  i n  r e l a t i o n  t o  t h e  a i r p o r t  and r e l e v a n t  f l i g h t  p a t h s .  

Community C i s  approx imate ly  0 . 3  m i l e s , ( . q  km) s o u t h  of  t h e  

extended c e n t e r l i n e s  o f  Runways gL/27R and gR/27L. The s i t e  was 

s e l e c t e d  t o  f a l l  w i t h i n  Ldn 75 t o  80  dB. Maximum A-weighted sound 

l e v e l s  r a n g e  from 77 t o  102 and sound exposure  l e v e l s  r ange  from 
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79 t o  108.  Community D i s  l o c a t e d  benea th  t h e  ex tended  c e n t e r -  

l i n e  o f  Runway 8/26. The Ldn v a l u e s  were e s t i m a t e d  t o  r a n g e  

f rom 80 t o  85  dB. Maximum A-weighted sound l e v e l s  r'ange from 

77 t o  106 and sound exposure  l e v e l s  r a n g e  from 79 t o  1 1 2 .  Both 

communit ies  e x p e r i e n c e  an  a v e r a g e  o f  350 o v e r f l i g h t s  p e r  day o f  

which h a l f  a r e  d e p a r t u r e s  and h a l f  a r e  l a n d i n g s .  

E .  T e s t  P a r t i c i p a n t s  

T e s t  p a r t i c i p a n t s  were chosen from t h e  r e s i d e n t i a l  a r e a s  s u r r o u n d i n g  1' 
t h e  a i r p o r t s  shown i n  F i g u r e s  1 and 2 .  They were o b t a i n e d  by 

d o o r - t o - d o o r  c a n v a s s i n g .  Only p e o p l e  who s p e n t  l a r g e  amounts of  

t i m e  i n  t h e i r  home ( i . e . ,  r e t i r e d  and non-working p e o p l e )  were 
I 

r e c r u i t e d .  P e r s o n s  whose d a i l y  s c h e d u l e s  caused  them t o  be away 

from t h e i r  r e s i d e n c e  f o r  l a r g e  p o r t i o n s  o f  t h e  day  were exc luded  II 
s o  t h a t  a t t e n t i o n  c o u l d  be c o n c e n t r a t e d  on judgments  o f  a i r c r a f t  

n o i s e  h e a r d  i n  t h e  same l o c a t i o n  a t  d i f f e r e n t  t i m e s  of  t h e  d a y .  

The s i x t e e n  p a r t i c i p a n t s  from t h e  Hollywood-Burbank a r e a  i n c l u d e d  

f o u r t e e n  women and two men: The mean age  f o r  t h e  women was 4 1  
y e a r s  w h i l e  t h e  two men had a n  a v e r a g e  age  o f  66  y e a r s .  S i x  o u t  

o f  t h e  s i x t e e n  househo lds  ( 3 8 % )  had a t  l e a s t  one o r  more c h i l d r e n  

under  t h e  a g e  o f  1 0  y e a r s .  T e s t  p a r t i c i p a n t s  came from f a m i l i e s  

w i t h  a n  a v e r a g e  a n n u a l  income o f  $19,400.  The a v e r a g e  l e n g t h  o f  

r e s i d e n c e  i n  t h e i r  p r e s e n t  home was 1 1 . 4  y e a r s .  

The r e s i d e n t s  i n  t h e  A t l a n t a ,  Georg ia  a r e a ,  n e a r  t h e  A t l a n t a -  

H a r t s f i e l d  I n t e r n a t i o n a l  A i r p o r t ,  i n c l u d e d  1 9  women and 11 men 

whose a v e r a g e  a g e s  were 53 and 5 9 ,  r e s p e c t i v e l y .  Average a n n u a l  

income was $17,900.  Only 20% o f  t h e  t e s t  p a r t i c i p a n t s : - h a d  one o r  

more c h i l d r e n  under  t h e  a g e s  o f  t e n .  The a v e r a g e  l e n g t h  o f  r e s i -  

d e n c e  i n  t h e i r  c u r r e n t  homes was 13 .7  y e a r s .  

-14-  



IV. A N A L Y S I S  

I A. o v e r v i e w  

1   he annoyance and n o i s e  d a t a  were ana lyzed  i n  t h r e e  d i f f e r e n t  ways, 

co r respond ing  t o  t h r e e  models o f  human performance .  A l l  t h r e e  

I models 'sought t o  de te rmine  whether  o r  n o t  a i r c r a f t  n o i s e  i n t r u s i o n s  

of e q u a l  magnitude were judged more annoying a t  some t i m e s  o f  t h e  

day t h a n  a t  o t h e r s  by peop le  r o u t i n e l y  exposed t o  a i r c r a f t  n o i s e  
i n  t h e i r  r e s i d e n c e s  o v e r  a  twenty-four  hour p e r i o d .  

The g e n e r a l  purpose  o f  t h i s  s t u d y  was t o  e x p l o r e  t h e  e x t e n t  t o  I which p e o p l e s 1  immediate annoyance judgments of a i r c r a f t  f l y o v e r s  

I 
i n  a r e s i a e n t i a l  s e t t i n g  va ry  w i t h  t ime  o f  day .  Three assumpt ions  

were made i n  a n a l y z i n g  t h e s e  d a t a :  

I 1) A l l  o t h e r  t h i n g s  b e i n g  e q u a l ,  t h e  d e g r e e  o f  annoyance a s s o c i a t e d  

w i t h  a  s i n g l e  a i r c r a f t  n o i s e  i n t r u s i o n  i n c r e a s e s  monoton ica l ly  

w i t h  sound l e v e l ;  

2 )  People r e g i s t e r  annoyance w i t h  a  b u t t o n  push when a  l e v e l -  

1 r e l a t e d  c r i t e r i o n  o f  annoyance i s  exceeded; and 

I 3 )  The p r o b a b i l i t y  of a n  annoyance r e s p o n s e  can  be  d e s c r i b e d  by 

a  psychometr ic  f u n c t i o n  r e l a t i n g  t h e  b e h a v i o r a l  r e sponse  t o  t h e  

s i n g l e  even t  sound l e v e l .  

I F i g u r e  3 p l o t s  h y p o t h e t i c a l  p r o b a b i l i t i e s  t h a t  an  a i r c r a f t  n o i s e  

i n t r u s i o n  w i l l  be  judged "annoying1' v e r s u s  t h e  ou tdoor  s i n g l e  

even t  sound l e v e l .  Although many measures o f  s i n g l e  even t  sound 

1 
l e v e l  e x i s t ,  p r a c t i c a l  c o n s i d e r a t i o n s  l i m i t e d  t h e  c h o i c e  o f  n o i s e  

m e t r i c s  i n  t h e  c u r r e n t  s tudy  t o  two t y p e s  of measures :  1) t h e  
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I maximum A-weighted sound l e v e l ,  and 2 )  t h e  sound exposure  l e v e l  

(SEL). S e l e c t i o n  o f  t h e s e  measures was dependent  upon a v a i l a b l e  

n o i s e  moni tbr  i n s t r u m e n t a t i o n ,  d e s c r i b e d  more f u l l y  i n  Appendix 

I 
B of  t h i s  r e p o r t .  

The s o l i d  cu rve  i n  F i g u r e  3 r e p r e s e n t s  a p r o b a b i l i s t i c  ( s t o -  

1 c h a s t i c )  model which a s s e r t s  t h a t  a n  i n d i v i d u a l  ' s  annoyance 

a r i s i n g  from a  s i n g l e  e v e n t  cannot  be p r e d i c t e d  w i t h  c e r t a i n t y .  

It does  a s s e r t ,  however, t h a t  t h e  p r o b a b i l i t y  o f  annoyance 

i n c r e a s e s  w i t h  sound l e v e l .  The c u r v e  shown i s  asympto t i c  t o  

p r o b a b i l i t i e s  o f  z e r o  and one, a l though  t h e  model does  n o t  I r e q u i r e  t h a t  t h i s  be t h e  c a s e .  

The d o t t e d  l i n e s  i n  F i g u r e  3 r e p r e s e n t  a d e t e r m i n i s t i c  ( t h r e s h o l d )  

model of annoyance, which a s s e r t s  t h a t  annoyance i n v a r i a b l y  o c c u r s  

1 w h e n e x p o s u r e  exceeds  some c r i t e r i o n .  The t h r e s h o l d  model i s  i n  

f a c t  a s p e c i a l  c a s e  o f  t h e  s t o c h a s t i c  model w i t h  a n  i n f i n i t e l y  

1 s t e e p  s l o p e .  ' 

I n d i v i d u a l  d i f f e r e n c e s  i n  k e n s i t  i v i t y  t o  n o i s e  w i l l  c ause  psycho- 1 m e t r i c  f u n c t i o n s  f o r  annoyance t o  d i f f e r  between i n d i v i d u a l s .  

1 
D i f f e r e n c e s  i n  d a i l y  a c t i v i t i e s  may a l s o  a f f e c t  an  i n d i v i d u a l ' s  

psychometr ic  f u n c t i o n  t o  some e x t e n t .  However, c o r r e l a t i o n  o f  

annoyance judgments and s i n g l e  e v e n t  sound l e v e l s  o v e r  p e r i o d s  

I of  one t o  two weeks can  be expec ted  t o  y i e l d  r e a s o n a b l y  s t a b l e  

e s t i m a t e s  of  a n  i n d i v i d u a l ' s  psychometr ic  f u n c t i o n  f o r  a i r c r a f t  

n o i s e  annoyance. 

Time o f  day e f f e c t s  may be i n f e r r e d  by comparing s e p a r a t e  func-  

t i o n s  f o r  two o r  more p e r i o d s  of' t h e  day.  F i g u r e  4 shows hypo- 

I t h e t i c a l  f u n c t i o n s  f o r  two p e r i o d s  of  t h e  day .  I n  t h i s  example 
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I t h e  f u n c t i o n  f o r  p e r i o d  N i s  d i s p l a c e d  lower  i n  l e v e l  from t h a t  

. . of  p e r i o d  D .  From t h i s  c o n d i t i o n  it i s  i n f e r r e d  t h a t  n o i s e  8 i n t r u s i o n s  d u r i n g  p e r i o d  N must (on a v e r a g e )  be lower  i n  l e v e l  

t h a n  d u r i n g  p e r i o d  D t o  be j u d g e d ' e q u a l l y  annoying.  The amount I by which t h e  l e v e l  must be  lower  d u r i n g  p e r i o d  N i s  determined 

by t h e  h o r i z o n t a l  d i s p l a c e m e n t  of t h e  two f u n c t i o n s ,  which 

I q u a n t i f i e s  t h e  , t ime  o f  day e f f e c t  i n  d e c i b e l s .  Th i s  approach 

a l l o w s  t ime o f  day e f f e c t s  t o  be e s t i m a t e d  s e p a r a t e l y  f o r  each 8 p a r t i c i p a n t .  I n d i v i d u a l  o p i n i o n s  may t h e n  be averaged t o  e s t i m a t e  

p o p u l a t i o n  t r e n d s .  A 

The c h o i c e  o f  annoyance model ( t h r e s h o l d  o r  s t o c h a s t i c )  has  

s t r o n g  i m p l i c a t i o n s  r e g a r d i n g  c o s t ,  e f f i c i e n c y  and e a s e  of  d a t a  

! a c q u i s i t i o n  and a n a l y s i s .  While t h e  s t o c h a s t i c  model i s  c e r -  

t a i n l y  m o r e a e s t h e t i c a l l y  a p p e a l i n g  (and p robab ly  more r e a l i s t i c ) ,  

8 i t  i s  a l s o  more c o s t l y  and d i f f i c u l t  t o  implement.  Development 

of  psychometr ic  f u n c t i o n s  under  t h i s  model r e q u i r e s  a  one-to-one 

1 c o r r e l a t i o n  o f  a i r c r a f t  sound l e v e l s  and annoyance judgments f o r  

eve ry  a i r c r a f t  o v e r f l i g h t .  A f t e r  thousands  o f  o v e r f l i g h t s  t h e  

p r o p o r t i o n  of  o v e r f l i g h t s  e l i c i t i n g . a n  annoyance response may be 

d e t e r m i n e d  a s  a f u n c t i o n  o f  sound l e v e l .  The d i f f i c u l t y  and c o s t  

of a c q u i r i n g  t h e  annoyance d a t a  i n  a  form a b l e  t o  be c o r r e l a t e d  8 w i t h  sound l e v e l  measurements was beyond t h e  scope of t h i s  p r o j e c t .  

8 Choice o f  t h e  t h r e s h o l d  model a l l e v i a t e s  most o f  t h e  t e d i o u s  

c o r r e l a t i o n  problems and i s  f u n c t i o n a l l y  e q u i v a l e n t  t o  t h e  

I s t o c h a s t i c  model i f  t h e  f o l l o w i n g  two c o n d i t i o n s  a r e  met: 1) t h e  

s l o p e  of a n  i n d i v i d u a l ' s  t r u e  psychometr ic  f u n c t i o n  i s  i n v a r i a n t  

wi th  t ime o f  day,  and 2 )  t h e  d i s t r i b u t i o n  of a i r c r a f t  sound l e v e l s  I i s  a l s o  independent  of t ime  o f  day ( n o t e  t h a t  t h i s  r equ i rement  



d e a l s  w i t h  r e l a t i v e  p r o p o r t i o n s  and n o t  a b s o l u t e  numbers of  1 
e v e n t s )  . 

Although t h e r e  i s  no conven ien t  way o f  c o n f i r m i n g  t h e  e x i s t e n c e  

of  t h e  f i r s t  c o n d i t i o n ,  i t  i s  n o t  an u n r e a s o n a b l e  a s sumpt ion .  

S a t i s f a c t i o n  o f  t h e  second c o n d i t i o n  i s  d i c t a t e d  p r i m a r i l y  by 
8 

t h e  mix of  a i r c r a f t  f l i g h t  t r a c k  u t i l i z a t i o n ,  and t o  a l e s s e r  

e x t e n t ,  a t m o s p h e r i c  a b s o r p t i o n .  If t h e  mix o f  a i r c r a f t  and 

p e r c e n t a g e  u t i l i z a t i o n  o f  p e r t i n e n t  a r r i v a l  and d e p a r t u r e  p a t h s  

I 
a r e  independen t  o f  t ime  o f  day ,  i t  c a n  r e a s o n a b l y  be  assumed 

t h a t  t h e  second c o n d i t i o n  i s  s a t i s f i e d .  These f a c t o r s  must be  
I 

e x p l i c i t l y  c o n s i d e r e d  d u r i n g  t h e  s i t e  s e l e c t i o n  p r o c e s s  w i t h  a t 
p o s t  hoc e x a m i n a t i o n  o f  measured n o i s e  l e v e l s  t o  v e r i f y  t h a t  t h e  

, 
second  c o n d i t i o n  i s  met .  

The major  a d v a n t a g e s  o f  t h e  t h r e s h o l d  model l i e  i n  i t s  c o s t  e f f e c -  

t i v e n e s s  and s i m p l i c i t y  o f  d a t a  c o l l e c t i o n  and a n a l y s i s .  The 

t h r e s h o l d  model e l i m i n a t e s  t h e  need f o r  one-to-one c o r r e l a t i o n s  

o f  annoyance . judgment s .  and measured sound l e v e l s .  I n s t e a d ,  c o r r e -  

l a t i o n s  a r e  per formed by  t ime  b l o c k s .  

C o n s i d e r  t h e  f o l l o w i n g  example.  P a r t i c i p a n t  A r e p o r t s  t h a t  s h e  

was annoyed by a i r c r a f t  20 t i m e s  between 9:15 a . m .  and 11:30  a . m .  

on a p a r t i c u l a r  d a y ,  b u t  t h e  e x a c t  t i m e s  of  each  annoyance are  

unknown. Assuming s h e  i s  a t h r e s h o l d  d e t e c t o r ,  t h o s e  20 r e s p o n s e s  

must have been  t o  t h e  20 n o i s i e s t  a i r c r a f t  d u r i n g  t h e  same b l o c k  

of  t i m e .  I f  n o i s e  m o n i t o r i n g  i n s t r u m e n t a t i o n  i s  s i m u l t a n e o u s l y  

r e c o r d i n g  t h e  sound l e v e l  and t i m e  o f  o c c u r r e n c e  of  a l l  s i g n i f i c a n t  

n o i s e  i n t r u s i o n s ,  t h e n  t h e  b e s t  e s t i m a t e  o f  P a r t i c i p a n t  A ' s  

t h r e s h o l d  f o r  t h a t  p e r i o d  i s  t h e  l e v e l  which i s  j u s t  exceeded by 



t h e  20 n o i s i e s t  e v e n t s ,  b u t  n o t  exceeded by t h e  2 1 s t  n o i s i e s t  

e v e n t .  A s t r a i g h t f o r w a r d  s e a r c h  o f  n o i s e  moni tor  r e c o r d s  pro- 

duces  t h e  t h r e s h o l d  v a l u e .  

Note t h e  f o l l o w i n g  c o n t i n g e n c i e s :  1 )  t h e  t ime  of day need n o t  

be recorded  each t ime t h e  p a r t i c i p a n t  i s  "annoyed"; 2 )  t h e  p a r t i -  

c i p a n t  needs t o  m a i n t a i n  o n l y  a r u n n i n g  t o t a l  o f  t h e  number o f  

i n s t a n c e s  of  annoyance, and t a b u l a t e  t h i s  number a t  i n t e r v a l s  

throughout  t h e  day; 3 )  t ime c o r r e l a t i o n  between annoyance 

r e s p o n s e s  and n o i s e  moni tor  d a t a  can  be accomplished by s u p p l y i n g  

p a r t i c i p a n t s  w i t h  a n  i n e x p e n s i v e  d i g i t a l  t i m e p i e c e  pre-synchronized 

t o  t h e  n o i s e  moni tor  c l o c k ;  4 )  a s i n g l e ,  c e n t r a l l y  l o c a t e d  n o i s e  

moni tor  can  be  used t o  c o r r e l a t e  w i t h  a  number of  nearby p a r t i c i -  

p a n t s ;  and 5 )  t h e  n o i s e  moni to r  does  no t  need t o  r e c o r d  low sound 

l e v e l  e v e n t s  s i n c e  t h e s e  a r e  l i k e l y  t o  be  w e l l  below t h e  i n d i v i -  

d u a l s f  annoyance t h r e s h o l d .  

The major r equ i rement  of  t h e  n o i s e  moni to r  u n i t  i s  t h a t  r e c o r d e d  

n o i s e  i n t r u s i o n s  whose sound l e v e l s  exceed t h e  r e s p o n d e n t ' s  

annoyance t h r e s h o l d  be unarguably  t h e  r e s u l t  o f  a i r c r a f t  f l y o v e r s  

and n o t  some o t h e r  l o c a l  n o i s e  s o u r c e .  J u d i c i o u s  s e l e c t i o n  o f  a  

s i t e  f o r  t h e  i n s t r u m e n t  g e n e r a l l y  a v o i d s  such problems.  The n o i s e  

moni tor  s i t e s  used i n  t h i s  s t u d y  were i n  s i n g l e  f a m i l y  r e s i d e n t i a l  

neighborhoods whose r e a r  y e a r s  had adequa te  s t r u c t u r e  a t t e n u a t i o n  

of  s t r e e t  t r a f f i c  n o i s e .  The chance of r e c o r d i n g  n o n - a i r c r a f t  

s o u r c e s  of  a  magnitude e q u a l  t o  t h a t  produced by p a s s i n g  a i r c r a f t  

was f u r t h e r  reduced by a v o i d i n g  known l o c a l  n o i s e  s o u r c e s  such a s  

b a r k i n g  dogs ,  a i r  c o n d i t i o n i n g  u n i t s ,  e t c .  Note t h a t  con tamina t ion  

of t h e  d a t a  below t h e  i n d i v i d u a l ' s  annoyance " t h r e s h o l d "  sound 

l e v e l  h a s  no e f f e c t  on t h e  i n f e r r e d  t h r e s h o l d  v a l u e .  That  i s ,  



n e i t h e r  t h e  r e c o r d i n g  of o c c a s i o n a l  low l e v e l  n o n - a i r c r a f t  e v e n t s  

o r  t h e  l o s s  of  low l e v e l  a i r c r a f t  i n t r u s i o n s  would i n f l u e n c e  t h e  

count  of  t h e  N n o i s i e s t  f l i g h t s .  Such con tamina t ion  does  i n f l u e n c e  

post-hoc comparison o f  a i r c r a f t  sound l e v e l  d i s t r i b u t i o n s ,  however, 

and t h e  s i t i n g  of  t h e  n o i s e  moni tor  i n  q u i e t  a r e a s  i s  i m p o r t a n t  i n  

t h i s  r e g a r d .  Appendix C p r o v i d e s  a d e t a i l e d  d e s c r i p t i o n  of t h e  

n o i s e  environment  i n  each of t h e  f o u r  communities used  i n  t h e  s t u d y .  

The f i g u r e s  show t h a t  t h e  r e l a t i v e  d i s t r i b u t i o n  of sound l e v e l s  from 

i n d i v i d u a l  e v e n t s  remains  e s s e n t i a l l y  t h e  same o v e r  t h e  f o u r  d i f -  

f e r e n t  t ime  p e r i o d s  of  t h e  day.  

C. D a t a  p r o c e s s i n g  

P a r t i c i p a n t  annoyance d a t a  and n o i s e  moni to r  i n f o r m a t i o n  were t r a n s -  

f e r r e d  t o  computer punchcard f o r  machine a n a l y s i s .  A d i g i t a l  com- 

p u t e r  performed t h e  t e d i o u s  t a s k  of c o r r e l a t i n g  n o i s e  and annoyance 

d a t a  t o  de te rmine  t h e  d i f f e r e n c e s  i n  sound l e v e l  n e c e s s a r y  t o  make 

a i r c r a f t  n o i s e  i n t r u s i o n s  e q u a l l y  annoying a t  d i f f e r e n t  times of  day.  

Noise exposure  and r e s p o n s e  i n f o r m a t i o n  f i l e s  f o r  each  t e s t  p a r t i -  

c i p a n t  were c r e a t e d  on a  l a r g e  d i g i t a l  computer .  Var ious  a n a l y s e s  

were conducted by merging t h e  two s e t s  o f  f i l e s  i n  d i f f e r e n t  w a y s .  

A r e s p o n s e  f i l e  was composed of s e v e r a l  hundred c h r o n o l o g i c a l  e n t r i e s ,  

each  c o n s i s t i n g  of  a  d a t e ,  t i m e ,  and mechanica l  c o u n t e r  t o t a l .  Four 
I 

sound l e v e l  f i l e s  (one f o r  each community) were composed of thousands  

of c h r o n o l o g i c a l  e n t r i e s ,  each  c o n s i s t i n g  of  a  d a t e ,  t i m e ,  maximum 
f 

A-level ,  and sound exposure  l e v e l  of a  s i n g l e  a i r c r a f t  n o i s e  i n -  

t r u s i o n .  These f i l e s  were manipula ted  by s o f t w a r e  s p e c i a l l y  p r e p a r e d  
1 

f o r  a  C o n t r o l  Data Cyber 175 computer.  I 
The computer program merged t h e  a p p r o p r i a t e  n o i s e  d a t a  f i l e  wi th  

e a c h  r e s p o n d e n t ' s  annoyance d a t a  f i l e .  The computer program 

de te rmined  which n o i s e  i n t r u s i o n s  occur red  between any two c o u n t e r  
I 



I t o t a l  r e p o r t s  from t h e  d a t e s  and t i m e s  o f  t h e  r e s p o n s e  r e c o r d s .  
The program d i v i d e d  t h e  day i n t o  f o u r  d i f f e r e n t  t ime  p e r i o d s  

(morning, a f t e r n o o n ,  even ing  and n i g h t )  and performed t h r e e  

I d i f f e r e n t  a n a l y s e s  f o r  each p e r i o d ,  c o r r e s p o n d i n g  t o  t h r e e  

hypotheses  r e g a r d i n g  human performance.  These u l t i m a t e l y  l e d  t o  

t t h r e e  s e p a r a t e  e s t i m a t e s  f o r  t h e  t ime  o f  day e f f e c t s .  

The n o i s e  l e v e l  d e s c r i p t o r s  a r o s e  from t h e  t h r e e  hypo theses  a b o u t  

how i n d i v i d u a l s  performed t h e i r  judgment t a s k s .  Two hypo theses  

exp lo red  annoyance " t h r e s h o l d s 1 '  on t h e  assumpt ion  t h a t  a  pe r son  

h a s  a  t h r e s h o l d  f o r  a i r c r a f t  n o i s e  above which he i s  annoyed 

enough t o  push a  c o u n t e r  b u t t o n  and below which he does  n o t  push 

t h e  b u t t o n .  Noise l e v e l s  were measured i n  maximum A-weighted ' 

sound l e v e l s  (SLA) and sound exposure  l e v e l s  (SEL). A t h i r d  

d e s c r i p t o r  w a s  t h e  e q u i v a l e n t  SEL of a n  a i r c r a f t  o v e r f l i g h t  

necessa ry  t o  e l i c i t  one c o u n t e r  r e s p o n s e  ( u n i t  annoyance)  from a n  

i n d i v i d u a l .  D e t a i l s  of  t h e  d e s c r i p t o r s  f o l l o w .  

1 .  The ,SEL Annoyance T h r e s h o . l d  

T h i s  h y p o t h e s i s  a s s e r t s  t h a t  people '  judge annoyance based on t h e  

sound exposure  l e v e l  (SEL) of t h e  n o i s e  i n t r u s i o n .  I n  do ing  s o  

, p e 0 ' ~ 1 e  a c t  as annoyance t h r e s h o l d  d e t e c t o r s ;  t h a t  i s ,  t h e y  '. 

advance t h e i r  annoyance c o u n t e r  on ly  i f  t h e  SEL of a  f l y o v e r  exceeds  

t h e i r  i n t e r n a l  annoyance t h r e s h o l d .  

The computer a n a l y s i s  e s t i m a t e d  t h e  annoyance o v e r  t h e  e n t i r e  

p e r i o d  o f  p a r t i c i p a t i o n  f o r  each i n d i v i d u a l  d u r i n g  each o f  f o u r  

:pe r iods  of  t h e  day.  . F i g u r e  5 p r o v i d e s  a n  example of  how t h e  

a n a l y s i s  was performed. I n  t h i s  example t h e  SEL t h r e s h o l d  f o r  t h e  

morning t ime  p e r i o d  was sough t .  For  t h e  s a k e  o f  b r e v i t y ,  a 

h y p o t h e t i c a l  f i e l d  s t u d y  o f  on ly  two d a y s T  d u r a t i o n  i s  shown. 
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FIGURE . 5 .  PROCEDURE FOR ESTIMATING ANNOYANCE THRESHOLD 



During t h e  s tudy  t h e  p a r t i c i p a n t  completed two d a i l y  annoyance 

p o s t c a r d  l o g s  (shown a t  t h e  l e f t  of t h e  f i g u r e ) .  A l i s t i n g  o f  

n o i s e  i n t r u s i o n s  s i m u l t a n e o u s l y  recorded  by a  nearby n o i s e  moni- 

t o r  l i e s  t o  t h e  r i g h t  of  t h e  p o s t c a r d s .  Noise i n t r u s i o n s  

o u t s i d e  t h e  morning t i m e  p e r i o d  a r e  n o t  shown s i n c e  t h e y  a r e  

no t  used i n  t h e  morning a n a l y s i s .  

Responses were a s c r i b e d  t o  t h e  morning p e r t o d  if i t  cou ld  be 

un ique ly  de termined t h a t  t h e y  occur red  no e a r l i e r  t h a n  6:30 a.m. 

and no l a t e r  t h a n  12:30 p.m. Over t h e  two day s t u d y  t h e  p a r t i -  

c i p a n t  logged n i n e . a n n o y a n c e  r e s p o n s e s  ( t h r e e  d u r i n g  t h e  first  

day and s i x  on t h e  second d a y ) .  Using t h e  e x a c t  t i m e s  r e p o r t e d  

by t h e  p a r t i c i p a n t  , a l l  SEL1s w i t h i n  t h e  'bounds d e f i n e d  by t h e  

p a r t i c i p a n t  were e x t r a c t e d  from t h e  n o i s e  moni tor  d a t a  and used 

t o  g e n e r a t e  a  s i n g l e  e v e n t  d e n s i t y  f u n c t i o n  (.with a  r e s o l u t i o n  

of  one dB) .  The d e n s i t y  f u n c t i o n  i s  shown t o  t h e  r i g h t  of  t h e  

n o i s e  moni tor  d a t a .  Note t h a t  on t h e  second day t h e  responden t  

r e p o r t e d  b e i n g  away from h i s  r e s i d e n c e  f o r  a b r i e f  p e r i o d  of  

t i m e  and t h a t  n o i s e  i n t r u s i o n s  d u r i n g  t h i s  t i m e  were n o t  inc luded  

i n  t h e  d e n s i t y  f u n c t i o n  ( s i n c e  t h e y  were presumably n o t  heard  by 

t h e  p a r t i c i p a n t ) .  Also n o t e  t h a t  t h e  o n l y  u s a b l e  morning d a t a  

f o r  t h e  second day would have been t h a t  logged between 6:53 and 

9 : 2 2  a.m. i f  t h e  p a r t i c i p a n t  had f a i l e d  t o  make t h e  e n t r y  a t  

F i n a l l y ,  t h e  SEL d e n s i t y  was conver ted  t o  a  cumula t ive  f u n c t i o n  

(number of e v e n t s  exceed ing  a g i v e n  sound l e v e l ) .  T h i s  f u n c t i o n  

was e n t e r e d  a l o n g  w i t h  t h e  number of annoyance r e s p o n s e s  t o  

de te rmine  t h e  t h r e s h o l d  v a l u e .  I n  t h i s  manner, t h r e s h o l d s  were 

e s t i m a t e d  s e p a r a t e l y  f o r  f o u r  p e r i o d s  of  t h e  day f o r  each respon-  

d e n t .  D i f f e r e n c e s  i n  l e v e l  f o r  t h e  same annoyance between any 



two p e r i o d s  was de te rmined  by t a k i n g  t h e  d i f f e r e n c e  i n  t h r e s h o l d  I 
v a l u e s .  These d i f f e r e n c e s  were averaged o v e r  a l l  p a r t i c i p a n t s .  

2 .  The SLA ~ n n o ~ a n c e  Threshold 
8 

T h i s  h y p o t h e s i s  d i f f e r s  from t h e  SEL h y p o t h e s i s  i n  t h a t  peop le  

a r e  assumed t o  b a s e  t h e i r  annoyance judgments on t h e  maximum 

A-weighted sound l e v e l  r a t h e r  t h a n  on a n  i n t e g r a t e d  measure. 

T h i s  a n a l y s i s  was performed i n  an  i d e n t i c a l  manner t o  t h e  SEL 

annoyance t h r e s h o l d  w i t h  t h e  e x c e p t i o n  t h a t  t h e  n o i s e  moni tor  

d a t a  f i l e  was sea rched  f o r  t h e  maximum A-level  o f  e a c h  n o i s e  

i n t r u s i o n  r a t h e r  t h a n  t h e  SEL. Cpmputations of  i n d i v i d u a l  

t h r e s h o l d s ,  d i f f e r e n c e s ,  and means were performed a s  d e s c r i b e d  

above.  

3. Unit Annoyance SEL 

A t a c i t  assumpt ion  o f  independence was made i n  t h e  two t h r e s h o l d  

a n a l y s e s  d e s c r i b e d  above.  That  i s ,  it was assumed t h a t  t h e  

judged annoyance of a g i v e n  n o i s e  i n t r u s i o n  was n o t  i n f l u e n c e d  by 

p r i o r  i n t r u s i o n s .  The u n i t  annoyance SEL h y p o t h e s i s  made t h e  

o p p o s i t e  assumpt ion  by a s s e r t i n g  t h a t  peop le  a c t  as energy accumu- 

l a t o r s .  A s  such t h e  cumula t ive  number o f  annoyance r e s p o n s e s  

was assumed t o  be  a  f u n c t i o n  o f  t h e  t o t a l  SEL (energy  sum of  

i n d i v i d u a l  e v e n t  SEL1s)  o v e r  l o n g  p e r i o d s  o f  t i m e .  The e x p e c t a t i o n  

was t h a t  i n c r e a s i n g  numbers o f  annoyance r e s p o n s e s  were e l i c i t e d  

by' g r e a t e r  and g r e a t e r  sound energy ,  e i t h e r  due t o  g r e a t e r  numbers 

o f  n o i s e  i n t r u s i o n s  o r  i n t r u s i o n s  of h i g h e r  l e v e l .  Th i s  h y p o t h e s i s  

b i d  n o t  assume a t h r e s h o l d  d e t e c t o r  o r  t h a t  judgments about  

s e q u e n t i a l  n o i s e  i n t r u s i o n s  were independen t .  The a n a l y s i s  was 

r e l a t i v e l y  s t r a i g h t f o r w a r d ,  and i s  shown p i c t o r i a l l y  i n  F i g u r e  6 .  
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This  f i g u r e ,  similar t o  Figure  5, matches annoyance and sound I 
l e v e l  d a t a .  I n s t e a d  of  forming d e n s i t y  f u n c t i o n s  from t h e  no i se  

l e v e l  d a t a ,  t h e  SELt  s were summed on an  energy b a s i s .  This sum 

was then  d iv ided  by t h e  number of  annoyance responses  t o  y i e l d  

an  equ iva l en t  SEL p e r  response .  



V .  RESULTS 

A. O v e r v i e w  

The a n a l y s e s  r e p o r t e d  below s u g g e s t  t h a t  peop le  do n o t  c o n s i s -  

t e n t l y  f i n d  a i r c r a f t  f l y o v e r  n o i s e  more annoying a t  one t ime  o f  

day t h a n  a t  a n o t h e r  t i m e .  Three methods o f  a n a l y s i s  e s t i m a t e d  

t h e  d i f f e r e n c e s  i n  l e v e l s  f o r  t h e  same annoyance f o r  e i t h e r  

evening o r  n i g h t  compared t o  morning t o  be l e s s  t h a n  two d e c i b e l s .  

A.lthough some i n d i v i d u a l s  d i d  f i n d  a i r c r a f t  n o i s e  exposure  more 

a v e r s i v e  a t  some t i m e s  of day,  such o p i n i o n s  were n o t  c o n s i s t e n t  

a c r o s s  t e s t  , p a r t i c i p a n t s .  

D a t a  A n a l y s i s  

1 .  G e n e r a l  T r e n d s  i n  A n n o y a n c e  R e s p o n s e s  

The number of  t imes  i n d i v i d u a l s  i n d i c a t e d  annoyance o v e r  t h e  two 

t o  f o u r  week p e r i o d  a r e  shown i n  F i g u r e  7 f o r  v a r i o u s  t i m e s  o f -  

day f o r  each community. Not ice  t h a t  i n  s p i t e  o f  t h e  f a i r l y  l a r g e o  

o v e r a l l ' r a n g e  (from 1 3  t o  2000 r e s p o n s e s ) ,  t h e  r a n g e s  f o r  d i f -  

f e r e n t  t i m e s  o f  t h e  day do n o t  v a r y  a p p r e c i a b l y .  G r e a t e r  numbers 

of r e s p o n s e s  were made i n  t h e  A t l a n t a  communit ies ,  presumably 

because o f  t h e  i n c r e a s e d  a i r c r a f t  exposure .  The d e f i n i t i o n s  o f  

t h e  v a r i o u s  t ime  p e r i o d s  a r e  a s  f o l l o w s :  

morning - t ime  from awakening u n t i l  luncht ime 

a f t e r n o o n  - lunch t ime  t o  d i n n e r t i m e  

evening - d i n n e r t i m e  t o  r e t i r i n g  

n i g h t  - r e t i r i n g  t o  awakening i n  t h e  morning 
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S i n c e  everyone  d o e s  n o t  s l e e p  and e a t  a t  t h e  same t ime ,  i t  

was n e c e s s a r y  t o  p r o v i d e  some o v e r l a p p i n g  t i m e s  f o r  t h e  

computer s e a r c h e s  f o r  t h e  d i f f e r e n t  t i m e  p e r i o d s .  These t i m e s  

a r e  0630-1230 f o r  morning,  1130-1930 f o r  a f t e r n o o n ,  1800-0100 

f o r  even ing ,  and 2130-0730 f o r  n i g h t .  

The even ing  i n t e r v a l  (1800-0100) i n c l u d e d  many annoyance r e p o r t s  

o f  l a t e  r e t i r i n g  i n d i v i d u a l s  who r e p o r t e d  c o u n t e r  t o t a l s  a t  
d i n n e r t i m e  b u t  no t  a g a i n  u n t i l  r e t i r i n g .  A n a r r o w e r  t i m e  window 

(1830-2230) was o r i g i n a l l y  chosen  f o r  t h e  e v e n i n g  p e r i o d ,  b u t  

t h i s  i n t e r v a l  s i g n i f i c a n t l y  r educed  t h e  number o f  obse rved  

r e s p o n s e s .  No n i g h t t i m e  r e s p o n s e s  a r e  shown f o r  Burbank commu- 

n i t i e s  due  t o  t h e  low l e v e l  o f  n i g h t  o p e r a t i o n s .  Th i r ty -one  

p e r c e n t  o f  t h e  Burbank r e s p o n d e n t s  d i d  n o t  r e g i s t e r  any  n i g h t t i m e  

r e s p o n s e s .  The 69  p e r c e n t  who d i d  r e spond  a t  n i g h t  g e n e r a t e d  

f ewer  t h a n  a n  a v e r a g e  of one r e s p o n s e  p e r  n i g h t  p e r  p e r s o n  o v e r  

t h e  two week p e r i o d .  T a b u l a t i o n s  of a l l  of t h e  r e s p o n s e s  and 

a s s o c i a t e d  l e v e l s  a s  w e l l  as  summary t a b l e s  o f  t h e  a n a l y s i s  p e r -  

formed i n  t h e  r e s u l t s  s e c t i o n  a r e  p r e s e n t e d  i n  Appendix D .  

2 .  General Trends i n  Annoyance Responses and Sound Levels  

F i g u r e s  8  th rough  11 show t h e  r e s p o n s e  i n f o r m a t i o n  d e p i c t e d  i n  

F i g u r e  7 p l o t t e d  as a f u n c t i o n  o f  t h e  t o t a l  SEL o f  a i r c r a f t  n o i s e * .  

The p o i n t s  a r e  coded f o r  d i f f e r e n t  i t m e s  o f  d a y .  I n  g e n e r a l ,  t h e  

*The t o t a l  SEL o f  a i r c r a f t  n o i s e  i s  t h e  l o g a r i t h m i c  sum of a l l  
i n d i v i d u a l  SEL1s t h e  p a r t i c i p a n t  was exposed  t o  d u r i n g  t h e  t e s t  
p e r i o d .  SEL1s f o r  e v e n t s  were exc luded f o r  t i m e s  t h e  p a r t i c i p a n t  
was n o t  a t  home. 
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FIGURE 1 1 -  TOTAL A N N O Y A N C E  RESPONSE FOR C O M M U N I T Y  D - ATLANTA 



p o i n t s  f a l l  on a n  " e q u a l  energy" ( a  d o u b l i n g  o f  r e s p o n s e s  f o r  

each  3 dB i n c r e a s e  i n  t ' o t a l  SEL) l i n e  r e g a r d l e s s  o f  t h e  t ime o f  

day t h e  r e s p o n s e  was g iven .  T h i s  s u g g e s t s  t h a t  ' t h e r e  i s  l i t t l e  

o r  no d i f f e r e n c e  i n  t h e  n a t u r e  o f  t h e  .annoyance responses , ,  whether  

t h e y  o c c u r  i n  ,the morning, a f t e r n o o n ,  even ing  o r  n i g h t .  

3.  D i f f e r e n c e s  i n  Annoyance  T h r e s h o l d s  f o r  D i f f e r e n t  T imes o f  Day 

To i n s p e c t  t h e  d a t a  more thorough ly  and de te rmine  magnitudes o f  

d i f f e r e n c e s  i n  e s t i m a t e d  annoyance t h r e s h o l d s ,  - t h e  d a t a  were 

a n a l y z e d  a c c o r d i n g  t o  t h e  p r o c e d u r e s  o u t l i n e d  i n  S e c t i o n  I V .  

F i g u r e  12  shows t h e  d i s t r i b u t i o n  of  d i f f e r e n c e s  i n  e s t i m a t e d  

annoyance t h r e s h o l d s  between morning and o t h e r  p e r i o d s  of t h e  day .  

The sound l e v e l  d e s c r i p t o r  i s  t h e  maximum A-weighted sound l e v e l .  

A p o s i t i v e  number means t h e  p a r t i c i p a n t  f e l t  t h e  t h r e s h o l d  was 

h i g h e r  f o r  t h e  g i v e n  t ime p e r i o d  t h a n  t h e  morning, implying t h e  

p a r t i c i p a n t  was n o t  a s  annoyed wi th  t h e  a i r c r a f t  f l y o v e r  n o i s e s  

i n  t h e  g i v e n  p e r i o d  a s  d u r i n g  t h e  morning. 

S i m i l a r l y ,  F i g u r e  1 3  shows d i s t r i b u t i o n s  of annoyance d i f f e r e n c e s  . 

u s i n g  SEL as t h e  sound l e v e l  d e s c r i p t o r .  Note t h a t  t h e  r e s u l t s  

t 'end t o  c l u s t e r  b e t t e r  ( i . e . ,  l e s s  i n t e r - p a r t i c i p a n t  v a r i a n c e )  

u s i n g  SEL a s  t h e  i n d i v i d u a l  e v e n t  s o u n d ' l e v e l  m e t r i c  i n s t e a d  o f  

t h e  maximum A-level .  

Mean d i f f e r e n c e s  between n i g h t  and morning were . 9  d B  and 1 . 7  d B  

f o r  maximum A-level  and SEL, r e s p e c t i v e l y .  Both d i f f e r e n c e s . a r e  

s i g n i f i c a n t l y  d i f f e r e n t  from ze ro  a t  t h e  0 . 0 5  l e v e l  of  conf idence  

However, t h e  magnitude of t h e  d i f f e r e n c e  i s  s t i l l  s m a l l  i n  t e rms  

o f  g e n e r a l  community annoyance. Average d i f f e r e n c e s  i n  annoyance 
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between any p e r i o d s  o f  t h e  day  were a lways  l e s s  t h a n  1 dB f o r  

maximum A-level  and less  t h a n  2 dB f o r  SEL. Appendix E  p r e s e n t s  

a comple te  t a b u l a t i o n  o f  annoyance d i f f e r e n c e s  between p e r i o d s  

of t h e  day a l o n g  w i t h  means and v a r i a n c e s .  

4 .  D i f f e r e n c e s  i n  U n i t  Annoyance S E L  f o r  D i f f e r e n t  Times o f  Day 

F i g u r e  1 4  shows d i s t r i b u t i o n s  s imi lar  t o  t h o s e  shown i n  F i g u r e s  

1 2  and 1 3 ,  b u t  u t i l i z e s  d i f f e r e n c e s  i n  t o t a l  SEL f o r  u n i t  annoy- 

ance  (one  c o u n t e r  r e s p o n s e )  as t h e  p a r a m e t e r .  The l a r g e s t  mean 

d i f f e r e n c e s  i s  1 . 5  dB f o r  t h e  n igh t /morn ing  d i f f e r e n c e .  T h i s  i s  

s i g n i f i c a n t l y  d i f f e r e n t  f rom z e r o  a t  t h e  0 . 0 5  l e v e l  o f  c o n f i d e n c e .  

However, once a g a i n  t h e  d i f f e r e n c e  i s  l e s s  t h a n  2 dB and would 

n o t  have a l a r g e  impact  on community r e s p o n s e .  S i n c e  t h e  d i f -  

f e r e n c e  i s  p o s i t i v e  ( g r e a t e r  l e v e l  f o r  e q u a l  annoyance ) , .  i t  
s u g g e s t s  t h a t  p e o p l e  a r e  more annoyed by a i r c r a f t  f l y o v e r s  i n  

t h e  morning t h a n  d u r i n g  t h e  e v e n i n g .  These d i s t r i b u t i o n s ,  l i k e  

t h o s e  shown i n  F i g u r e s  1 2  and 1 3 ,  f u r t h e r  i n d i c a t e  t h a t  t h e  

magnitude o f  t h e  d i f f e r e n c e  r e q u i r e d  t o  a t t a i n  e q u a l  annoyance 

f o r  v a r i o u s  t ime  p e r i o d s  i s  l e s s  t h a n  t h e  r a n g e  o f  d a t a  c o l l e c t e d  

f o r  t h e  v a r i o u s  s u b j e c t s .  

A summary g r a p h ,  F i g u r e  1 5 ,  shows t h e  mean and s t a n d a r d  d e v i a t i o n s  

f o r  a l l  of t h e  d i f f e r e n c e s  o b t a i n e d  between t i m e  p e r i o d s .  Note 

t h a t  mean d i f f e r e n c e s  a r e  s m a l l e r  t h a n  t h e  s t a n d a r d  d e v i a t i o n  

a c r o s s  s u b j e c t s .  Also ,  t h e  magni tude  o f  t h e  mean d i f f e r e n c e s ,  

r e g a r d l e s s  o f  t h e  method used  t o  o b t a i n  t h e  d i f f e r e n c e ,  i s  l e s s  

t h a n  2 dB. The s m a l l e r  s t a n d a r d  d e v i a t i o n  f o r  t h e  a n a l y s i s  u s i n g  

t h e  t o t a l  SEL mean s u g g e s t s  t h a t  p e o p l e ' s  annoyance r e s p o n s e s  

r e semble  a  t o t a l  ene rgy  i n t e g r a t i o n  more c l o s e l y  t h a n  i n d i v i d u a l  

e v e n t  measures .  



NIGHT - MORNING N 

EVENING - MORNING 
&\\S community D 
 community c 
m c o r n m u n i t y  B 

K q c o m m u n i t y  A 

1 Mean Value 

.07 

Difference i n  Total SEL for Unit Annoyance i n  dB 

FIGURE 1 4 .  DISTRIBUTIONS OF D1FFERENCE.S I N  
UNIT A N N O Y A N C E  S E L '  



Aft- Eve- Night- Eve- Night- Night- Eve- Night- 

Morn Morn Morn Aft Aft Eve Day Day 

Time Period Comparisons. 

FIGURE 1 5 *  COMPARISON OF DIFFERENCES FOREQUAL 
ANNOYANCE USING DIFFERENT METRICS 

o R ' G m ~  PAGE IS 
OF POOR QUALITY 



5. Q u e s t i o n n a i r e  

B r i e f  q u e s t i o n n a i r e s  were a d m i n i s t e r e d  t o  p a r t i c i p a n t s  b e f o r e  

and a f t e r  t h e  s t u d y .  These may be  found i n  Appendix A .  The 

ma jo r  f i n d i n g s  i n c l u d e  t h e  f o l l o w i n g :  

1 )  Eighty-seven  p e r c e n t  o f  t h e  Burbank p a r t i c i p a n t s  and 3 1  

p e r c e n t  o f  t h e  A t l a n t a  p a r t i c i p a n t s  r e p o r t e d  t h e y  were n e v e r  

awakened d u r i n g  t h e  s t u d y  by a i r c r a f t  n o i s e  a t  n i g h t .  F u r t h e r ,  

o v e r  t h e  two week s t u d y  p e r i o d  i n  Burbank, a l l  o f  t h e  p a r t i c i p a n t s  

awoke from a i r c r a f t  n o i s e  l e s s  t h a n  t h r e e  t i m e s .  F i f t y  p e r c e n t  

o f  t h e  A t l a n t a  p a r t i c i p a n t s  were awakened fewer  t h a n  t h r e e  t i m e s  

d u r i n g  t h e  f o u r  week s t u d y  p e r i o d .  

2 )  L i t t l e  change i n  o v e r a l l  annoyance w i t h  a i r c r a f t  n o i s e  was 

n o t e d  b e f o r e  o r  d u r i n g  t h e  p e r i o d  of  p a r t i c i p a t i o n .  Seventy  

c e n t  o f  t h e  Burbank r e s i d e n t s  i n  Community A i n d i c a t e d  t h a t  t h e y  

were h i g h l y  annoyed by a i r c r a f t  n o i s e  f o r  t h e  y e a r  b e f o r e  p a r t i -  

c i p a t i o n  i n  t h e  s t u d y ,  and 60 p e r c e n t  r e sponded  t h a t  t h e y  were 

h i g h l y  annoyed a f t e r  p a r t i c i p a t i o n .  A l l  o f  t h e  p a r t i c i p a n t s  i n  

Community B i n d i c a t e d  t h a t  t h e y  were h i g h l y  annoyed b o t h  b e f o r e  

and a f t e r  t h e  s t u d y .  S i m i l a r l y ,  89 p e r c e n t  o f  A t l a n t a ' s  (Community 

C) p a r t i c i p a n t s  were h i g h l y  annoyed b e f o r e  t h e  t e s t  and 100 

were annoyed a f t e r  t h e  p a r t i c i p a t i o n .  N ine ty - four  p e r c e n t  o f  t h e  

p a r t i c i p a n t s  i n  Community D were h i g h l y  annoyed by a i r c r a f t  n o i s e  

b o t h  b e f o r e  and a f t e r  t h e  s t u d y .  

3 )  T e s t  p a r t i c i p a n t s  found i t  d i f f i c u l t  t o  e s t i m a t e  t h e  number of 

b u t t o n  p u s h e s  t h e y  would have used  f o r  v a r i o u s  p e r i o d s  of  t i m e  

d u r i n g  t h e  day  i f  t h e y  c o u l d  have pushed them a s  o f t e n  as t h e y  

d e s i r e d .  I n  f a c t ,  many r e s p o n d e n t s  s t a t e d  t h a t  t h e  f l y o v e r s  were 



e q u a l l y  annoy ing  r e g a r d l e s s  of  t h e  t i m e  of  day t h e y  o c c u r r e d .  

However, a v e r a g e s  were de te rmined  because  o f  t h e  p o s s i b l e  r e l e -  

I vance t h a t  t h i s  p a r t i c u l a r  q u e s t i o n  had on t h e  annoyance a s s e s s -  

ment o f  a i r c r a f t  f l y o v e r s  d u r i n g  d i f f e r e n t  p a r t s  o f  t h e  day .  

I Responses o f  t e s t  p a r t i c i p a n t s  were a n a l y z e d  by f i r s t  n o r m a l i z i n g  

e a c h  i n d i v i d u a l s  r e s p o n s e s  t o  a s i n g l e  push  b u t t o n  d u r i n g  t h e  

I morning h o u r s .  These normal i zed  f i g u r e s  were t h e n  c o n v e r t e d  t o  

a d e c i b e l - l i k e  number u s i n g  t h e  f o r m u l a  shown i n  T a b l e  I .  The 

I r e s u l t s  were t h e n  ave raged  and a r e  p r e s e n t e d  i n  T a b l e  I f o r  

v a r i o u s  t i m e  p e r i o d s .  A h i g h  number f o r  a p a r t i c u l a r  t ime  p e r i o d  

i 
i n d i c a t e s  t h a t  a i r c r a f t  f l y o v e r s  were more annoying  d u r i n g  t h a t  

t ime  p e r i o d .  

End r e s u l t s  s u p p o r t  t h e  main f i n d i n g s  o f  t h i s  s t u d y :  t h e r e  were 

small d i f f e r e n c e s  ( l e s s  t h a n  2 dB) between a f t e r n o o n  and e v e n i n g  

P r e l a t i v e  t o  t h e  morning r e s p o n s e s  f o r  b o t h  t h e  Burbank and A t l a n t a  

d a t a .  The same i s  t r u e  of  t h e  r e s u l t s  f o r  t h e  n i g h t t i m e  d a t a  

g a t h e r e d  i n  A t l a n t a ;  

4 )  N i n e t y - t h r e e  of .  t h e  Burbank t e s t  p a r t i c i p a n t s  and 

I 96 p e r c e n t  o f  t h e  A t l a n t a  t e s t  p a r t i c i p a n t s  f e l t  t h a t  t h e  a i r c r a f t  

n o i s e e x p o s u r e d u r i n g  t h e  s t u d y  p e r i o d  was t y p i c a l  o f  exposure  

a o v e r  t h e  e h t i r e  y e a r .  



TABLE I 

EQUIVALENT DECIBEL DIFFERENCES FOR VALUES 

REPORTED I N  QUESTION 8 

How o f t e n  would you push t h e  b u t t o n  f o r  each  f l y o v e r  d u r i n g  - 
Morning? Afternoon? Evening? Night? 

LOCATION 
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A t l a n t a  
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Mean 

S tandard  
D e v i a t i o n  

Mean 

S t a n d a r d  
D e v i a t i o n  

TIME PERIOD 

AFTERNOON EVENING 

-0.  9% 1 . 6  

3 . 9  4 .7  

NIGHT 

But ton  Push (Time P e r i o d )  
* lo log [ But ton  Push Morning 1 



V I .  DISCUSSION 

A .  Major F ind ings  , 

U s e f u l  i n f o r m a t i o n  was o b t a i n e d  from t h e  s t u d y  conducted  a t  

t h e  two a i r p o r t s .  I n  g e n e r a l  p e o p l e  were w i l l i n g  t o  p r o v i d e  

annoyance r e s p o n s e s  by "push ing  t h e  b u t t o n  when t h e y  would 

r a t h e r  n o t  have h e a r d  a n  a i r c r a f t  f l y o v e r "  f o r  a p e r i o d  of  two 

t o  f o u r  weeks. The o v e r a l l  method was s a t i s f a c t o r y  i n  d e t e r -  

mining  g r o s s  measures  o f  annoyance f o r  t h e  t i m e  p e r i o d s  under  , 

e v a l u a t i o n .  However, a more r e f i n e d  scheme w i t h  a u t o m a t i c  

t i m e  r e c o r d i n g  and annoyance magni tudes  i s  n e c e s s a r y  t o  measure 

more s u b t l e  changes  i n  annoyance p a t t e r n s  f o r  v a r i o u s  t ime  

p e r i o d s .  It i s  c l e a r ,  however, t h a t  no a p p r e c i a b l e  ( g r e a t e r  

t h a n  2 dB) d i f f e r e n c e s  i n  annoyance were obse rved  between t h e  

a v e r a g e  of t h e  t i m e  p e r i o d s  examined i n  t h e  c u r r e n t  s t u d y .  

B .  P o s s i b l e  Sources  of E r r o r  

The unexpected  r e s u l t s  o f  t h e  s t u d y  l e d  t o  a c l o s e r  e x a m i n a t i o n  

of t h e  a s sumpt ions  u n d e r l y i n g  t h e  t h r e e  models  used  t o  a n a l y z e  

t h e  annoyance and n o i s e  d a t a  and d a t a  c o l l e c t i o n  t e c h n i q u e s .  

The f o l l o w i n g  d i s c u s s i o n  c o n s i d e r s  p o s s i b l e  s o u r c e s  o f  e r r o r .  

1 .  S u b j e c t  S e l e c t i o n  

P a r t i c i p a n t s  were chosen  t h r o u g h  door- to-door  c a n v a s s i n g  of  a r e a s  

f a l l i n g  w i t h i n  c e r t a i n  n o i s e  b o u n d a r i e s .  It i s  u n l i k e l y  t h a t  

p e o p l e  who a g r e e d  t o  p a r t k i p a t e  i n  t h e  s t u d y  were b i a s e d  i n  



t h e i r  annoyance r e s p o n s e s  s i n c e  t h e y  had no knowledge of  t h e  

e x a c t  purpose  o f  t h i s  s t u d y  o t h e r  t h a n  t h e i r  t a s k :  t o  r a t e  

n o i s e  from a i r c r a f t  f l y o v e r s .  

It i s  t r u e  t h a t  o n l y  t h o s e  peop le  who were a t  home mo,st of  t h e  

day were s e l e c t e d  as t e s t  p a r t i c i p a n t s .  T h i s  s e l e c t i o n  p r o c e s s  

was d i c t a t e d  by t h e  n a t u r e  of  t h e  a n a l y s i s  p rocedure  which 

r e q u i r e d  n o t i n g  d i f f e r e n c e s  i n  annoyance f o r  t h e  d i f f e r e n t  t ime 

p e r i o d s .  C l e a r l y ,  i f  one was n o t  home d u r i n g  t h e  morning o r  

a f t e r n o o n ,  t h e  annoyance of  t h e  a i r c r a f t  f l y o v e r s  d u r i n g  t h o s e  

p e r i o d s  c o u l d  n o t  be de termined and consequen t ly ,  no d i f f e r e n c e  

c o u l d  be no ted  between morning o r  a f t e r n o o n  and o t h e r  t ime  p e r i o d s .  

However, t h e  f a c t  t h a t  a l l  peop le  a r e  no t  a t  home d u r i n g  t h e  day 

i s  a n  ex t remely  impor tan t  f a c t o r  i n  t h e  e v e n t u a l  d e t e r m i n a t i o n  o f  

a n i g h t t i m e  o r  even ing  p e n a l t y .  

Cons ide r  t h e  example o f  a  community i n  which on ly  o n e - t h i r d  of 

t h e  p o p u l a t i o n  i s  home d u r i n g  t h e  day ,  b u t  c l o s e  t o  100 p e r c e n t  

o f  t h e  p o p u l a t i o n  i s  home d u r i n g  t h e  even ing  h o u r s .  Assume t h a t  

25 p e r c e n t  o f  t h e  p e o p l e  a r e  h i g h l y  annoyed b y  a i r c r a f t  n o i s e  
when t h e y  a r e  exposed t o  i t .  T h u s , - a t  n i g h t ,  when most of t h e  

community r e s i d e n t s  a r e  a t - h o m e ,  2 5  p e r c e n t  o f  t h e  t o t a l  popula-  

t i o n  a r e  h i g h l y  annoyed by a i r c r a f t  n o i s e .  However, d u r i n g  t h e  

day ,  when o n l y  o n e - t h i r d  of t h e  p o p u l a t i o n  i s  a t  home, a n  annoyance 

r e s p o n s e  o f  25 p e r c e n t  i s  e q u i v a l e n t  t o  on ly  8 p e r c e n t  of t h e  

e n t i r e  p o p u l a t i o n .  Thus, t h r e e  t i m e s  a s  many peop le  a r e  annoyed 

by a i r c r a f t  n o i s e  i n  t h e  evening a s  were annoyed d u r i n g  t h e  day .  

T h i s  might be  c o n v e r t e d  t o  a  5 d B  i n c r e a s e  i n  annoyance d u r i n g  t h e  

even ing  h o u r s  s i n c e  t h e  g r e a t e r  p r o p o r t i o n  of t h e  peop le  a r e  home 

d u r i n g  t h o s e  h o u r s .  T h i s  c o n s i d e r a t i o n  was n o t  addressed  by t h i s  

s t u d y .  



2. Possible Error of Physical Measurement 

a )  The measurement sys tem used t o  c o l l e c t  t h e  a i r c r a f t  n o i s e  

d a t a  was a l s o  examined a s  a p o s s i b l e  s o u r c e  o f  e r r o r .  It i s  

c e r t a i n l y  t r u e  t h a t  n o t  a l l  of t h e  a i r c r a f t  f l y o v e r s  i n  each 

community were measured. The n o i s e  l e v e l  o f  many f l y o v e r s  

heard  by peop le  f e l l  below t h e  t h r e s h o l d  s e t t i n g  o f  t h e  n o i s e  

moni tor  u n i t s .  However, t h e  r e l a t i v e  d i f f e r e n c e  i n  annoyance 

caused by a i r c r a f t  n o i s e  a t  d i f f e r e n t  t ime p e r i o d s  was t h e  

v a r i a b l e  o f  i n t e r e s t .  Approximately t h e  same p e r c e n t a g e  of  a i r -  

c r a f t  f e l l  below t h e  t h r e s h o l d  v a l u e  of  t h e  n o i s e  moni tor  

d u r i n g  t h e  morning/daytime p e r i o d  a s  d u r i n g  t h e  even ing  and ni .ght-  

t ime  hours  s i n c e  t h e  d i s t r i b u t i o n  o f  sound l e v e l s  from s i n g l e  

e v e n t s  remained v i r t u a l l y  c o n s t a n t  o v e r  t h e  e n t i r e  day ( s e e  

Appendix C ) .  No b i a s  can  be a t t r i b u t e d  t o  a i r c r a f t  whose l e v e l s  

w e r e . l e s s  t h a n  t h e  t h r e s h o l d  s e t t i n g  a s  l o n g  a s  t h e  number of  

r e s p o n s e s  i n d i c a t e d  by each p a r t i c i p a n t  was l e s s  t h a n  t h e  t o t a l  

number of  a i r c r a f t  measured d u r i n g  t h a t  t i m e  p e r i o d .  

b )  Another  t y p e  of  measurement e r r o r  c o n s i d e r e d  was t h e  r e c o r d i n g  

of  a  sound o t h e r  t h a n  an  a i r c r a f t  f l y o v e r  when t h e  t h r e s h o l d  of  

t h e  n o i s e  moni tor  was exceeded.  Such e v e n t s  would e s s e n t i a l l y  be 

counted a s  a n  a i r c r a f t  f l y o v e r  e v e n t .  However, s i n c e  t h e  moni tor  

o p e r a t e d  over  t h e  twenty-four  hour p e r i o d ,  t h e r e  i s  no r e a s o n  t o  

e x p e c t  a  p a r t i c u l a r l y  l a r g e  number of f a l s e  a l a rms  i n  one t ime 

p e r i o d  .over a n o t h e r .  I n  o r d e r  t o  have any s i g n i f i c a n t  e f f e c t ,  

t h e  number of  f a l s e  a l a rms  would have t o  be doub le  t h e  t o t a l  

number o f  e v e n t s  f o r  t h e  a n a l y s i s  u s i n g  t h e  t o t a l  SEL n e c e s s a r y  

f o r  one push b u t t o n .  There would have t o  be a 20 p e r c e n t  i n c r e a s e  



i n  f a l s e  alarms f o r  t h e  c o r r e s p o n d i n g  t h r e s h o l d  a n a l y s e s .  Even 
2 

g i v e n  bo th  o f  t h e s e  c i r cums tances ,  t h e  r e s u l t s  would produce  o n l y  

a 3 dB change i n  annoyance.  T h i s  number of f a l s e  alarms would 

b e  h i g h l y  u n l i k e l y ;  d a ' i l y  v i s i t s  t o  t h e ' s i t e s  ( o r  v i s i t s  e v e r y  

o t h e r  day  i n  t h e  Burbank communi t ies )  would a l s o  have d e t e c t e d  pro-  

blems o f  t h i s  n a t u r e .  

3. Credibility o f  S u b j e c t i v e  Measurement 

a )  Some r e s p o n s e  d a t a  c o u l d  n o t  be used  because  o f  d i f f e r e n c e s  

i n t i m e s  t h a t  c o u n t e r  t o t a l s  were r e c o r d e d .  Pa i r s  o f  s e q u e n t i a l  

c o u n t e r  r e p o r t s  c o u l d  n o t  be  used  i f  t h e y  d i d  n o t  f a l l  w i t h i n  a  

t i m e  p e r i o d .  About 20 p e r c e n t  o f  t h e  d a t a  was o m i t t e d  f o r  t h e  

morning,  a f t e r n o o n  and e v e n i n g  p e r i o d s  i n  b o t h  Burbank and 

A t l a n t a  because  o f  t h i s  r e a s o n .  However, a b o u t  o n e - t h i r d  o f  t h e  

n i g h t  r e s p o n s e s  c o u l d  n o t  be used i n  A t l a n t a ,  ,due p r i m a r i l y  t o  

l a t e  morning wakeups. More r e s p o n s e  d a t a  c o u l d  have been i n c l u d e d  

i f  t h e  n i g h t  p e r i o d  was ex tended  beyond 7 : 3 0  i n  t h e  morning.  

However, t h e r e  was c o n c e r n  t h a t  e x t e n d i n g  t h e  n i g h t  p e r i o d  u n t i l  

a l a t e r  morning h o u r  would i n c l u d e  annoyance r e s p o n s e s  r e c o r d e d  

a f t e r  p e o p l e  woke up .  ( T h i s  would i n c l u d e  p e o p l e  who t a b u l a t e d  

t h e i r  c o u n t e r - t o t a l s  bo th  upon wakeup and a f t e r  b r e a k f a s t . )  

T h e r e f o r e ,  t h e  n i g h t t i m e  p e r i o d  ended a t  7 : 3 0  a.m. f o r  t h e  com- 

p u t e r  a n a l y s i s .  
\ 

b )  S i m i l a r  t r a d e o f f s  were made i n  t h e  s e l e c t i o n  o f  b o u n d a r i e s  f o r  

t h e  o t h e r  t i m e  p e r i o d s .  S i n c e  t h e  u n u s a b l e  d a t a  was un i fo rm 

a c r o s s  t h e  morning,  a f t e r n o o n  and e v e n i n g  t i m e  p e r i o d s ,  it was 

f e l t  t h a t  no b ias  would e x i s t  f rom l o s i n g  t h i s  d a t a .  A l so ,  

r e s t r i c t i n g  t h e  t i m e  p e r i o d s  as na r rowly  a s  p o s s i b l e  p rov ided  



more meaningful  r e s u l t s .  The l o s s  of d a t a  because  of  t h e  boun- 

d a r i e s  of  t h e  t ime  p e r i o d s  f u r t h e r  i l l u s t r a t e s  t h e  need f o r  a  

s e l f - c o n t a i n e d  r e s p o n s e  mechanism t o  r e c o r d  t h e  a c t u a l  t ime  o f  

r e s p o n s e .  T h i s  would a l l o w  i n v e s t i g a t i o n  o f  t ime  p e r i o d s  broken 

down i n  many ways r a t h e r  t h a n  l i m i t i n g  t h e  p e r i o d s  t o  t h e  ones  

t e s t e d  i n  t h i s  s t u d y .  

c )  Tes t  p a r t i c i p a n t s  pushed t h e  c o u n t e r  b u t t o n  hundreds  of t i m e s  

d u r i n g  each t ime  p e r i o d  th roughou t  t h e  s t u d y .  Thus t h e  t h r e s h o l d s  

e s t i m a t e d  f o r  each i n d i v i d u a l  f o r  t h e  f o u r  t i m e  p e r i o d s  were based 

on a l a r g e  number o f  annoyance r e s p o n s e s .  F i g u r e  1 6  shows t h e  

cumula t ive  d i s t r i b u t i o n  of  a i r c r a f t  n o i s e  hea rd  by S u b j e c t  225 

i n  Community D d u r i n g  t h e  morning hours  f o r  f o u r  weeks. A l l  

n o i s e  caused by a i r c r a f t  f l y i n g  o v e r  Community D whi le  S u b j e c t  225 

was away from h e r  home was o m i t t e d  from t h e  d i s t r i b u t i o n  f u n c t i o n  

( a s  i n d i c a t e d  on h e r  d a i l y  p o s t c a r d  e n t r i e s ) .  S u b j e c t  225 pushed ' 

t h e  c o u n t e r  b u t t o n  a  t o t a l  o f  874 t i m e s  d u r i n g  t h e  twen ty -e igh t  

I mornings,  as i n d i c a t e d  by t h e  ar row l a b e l l e d  "annoyance r e s p o n s e s " .  

The cor respond ing  maximum A-level  t h r e s h o l d  was e s t i m a t e d  t o  be 94  
dB(A). Note t h a t  t o  o b t a i n  a  3 dB d e c r e a s e  i n  e s t i m a t e d  maximum 

I A-level  t h r e s h o l d ,  S u b j e c t  225 would have t o  have r e g i s t e r e d  o v e r  

two hundred a d d i t i o n a l  annoyance r e s p o n s e s .  Though each p a r t i c i p a n t  

l pushed t h e  c o u n t e r  a c c o r d i n g  t o  h i s  own i n t e r n a l  t h r e s h o l d ,  com- 

p a r a b l e  numbers of  annoyance r e s p o n s e s  were r e g i s t e r e d  by p a r t i c i -  

I p a n t s  d u r i n g  t h e  t ime  p e r i o d s ,  p r o v i d i n g  v e r y  s t a b l e  t h r e s h o l d  

e s t i m a t e s .  

4. Questionnaire 

I The r e s u l t s  o f  t h e  b r i e f  p o s t - s t u d y  q u e s t i o n n a i r e  d a t a  were i n  

agreement w i t h  t h e  main p a r t  o f  t h e  s t u d y .  That  i s ,  n e i t h e r  t h e  
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q u e s t i o n n a i r e  r e s u l t s  n o r  r e s u l t s  from t h e  main s t u d y  s u g g e s t  a 

g r e a t  d i f f e r e n c e  between annoyance de te rmined  f o r  v a r i o u s  t i m e  

p e r i o d s  i n  t h e  day .  To be s u r e ,  t h e  r e s u l t s  o f  t h e  q u e s t i o n n a i r e  

r e s p o n s e  i n d i c a t e d  t h a t  some i n d i v i d u a l s  were much more annoyed ' I by a i r c r a f t  f l y o v e r  n o i s e  d u r i n g  t h e  e v e n i n g  h o u r s  t h a n  d u r i n g  

t h e  morning h o u r s .  However, o t h e r  i n d i v i d u a l s  were v e r y  annoyed 

I by f l y o v e r s  o c c u r r i n g  d u r i n g  t h e  morning h o u r s ,  and n o t  as much 

by t h o s e  o c c u r r i n g  d u r i n g  t h e  even ing  h o u r s .  T h i s  e x p l a i n s  why 

t h e  a v e r a g e  o f  a l l  of t h e  r e s u l t s  i n d i c a t e s  l i t t l e  ( l e s s  t h a n  2 

dB) d i f f e r e n c e  between annoyances f o r  t h e  v a r i o u s  t i m e  p e r i o d s  

u n d e r  c o n s i d e r a t i o n .  

I 
5 .  R e l a t i o n s h i p  t o  Prior F i n d i n g s  

The p e r c e n t  o f  p e o p l e  h i g h l y  annoyed by a i r c r a f t  n o i s e  i.n t h e  

t f o u r  communit ies  i s  q u i t e  h i g h  compared t o  r e s u l t s  o f  o t h e r  

r e s e a r c h e r s  ( S c h u l t z ,  1 9 7 8 ) .  However, a  p a r t i a l  e x p l a n a t i o n  ' f o r  

R t h e  h i g h e r  p e r c e n t a g e s  n o t e d  i n  t h i s  s t u d y  l i e s  i n  t h e  s p e c i a l  

n a t u r e  o f  t h e  t e s t  p a r t i c i p a n t s .  

Most o f  t h e  p a r t i c i p a n t s  were v e r y  annoyed by t h e  a i r c r a f t  n o i s e  

i n  t h e i r  communit ies  and t h u s  were w i l l i n g  t o  pe r fo rm t h e  r e q u i r e d  

t a s k  f o r  t h e  s t u d y .  However, i n  t h e  Burbank a r e a ,  a p p r o x i m a t e l y  

one  o u t  of  f o u r  p e o p l e  c o n t a c t e d  a g r e e d  t o  t a k e  p a r t  i n  t h e  s t u d y .  

The o t h e r  75 p e r c e n t  o f  t h e  p e o p l e  s t a t e d  t h a t  a i r c r a f t  n o i s e  

d i d  n o t  annoy them. I n  A t l a n t a ,  a lmos t  two o u t  of  t h r e e  p e o p l e  

a g r e e d  t o  t a k e  p a r t  i n  t h e  s t u d y .  F i g u r e  17 shows p e r c e n t  h i g h l y  

annoyed t o  a i r c r a f t  n o i s e  i n  t h e  f o u r  communit ies  when t h e  e n t i r e  

I group  o f  p e o p l e  t h a t  were a sked  t o  p a r t i c i p a t e  i n  t h e  s t u d y  a r e  

i n c l u d e d .  The a d j u s t e d  e s t i m a t e s  o f  p e r c e n t  h i g h l y  annoyed a g r e e  

I 
r e a s o n a b l y  w e l l  w i t h  p r i o r  r e s e a r c h  ( S c h u l t z ,  1 9 7 8 ) .  
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V I I .  C O N C L U S I O N S  

1) Assessment of  annoyance due t o  a i r c r a f t  n o i s e  exposure  can  

be accomplished by immediate measurement o f  annoyance produced 

by i n d i v i d u a l  a i r c r a f t  n o i s e  i n t r u s i o n s  i n  r e a l  t i m e .  People 

performing such  a  t a s k  f o r  weeks a t  a t ime respond i n  an  i n t e r n a l l y  

c o n s i s t e n t  manner, even though d i f f e r e n t  peop le  d i s a g r e e  on 

a b s o l u t e  l e v e l s  o f  f l y o v e r  n o i s e  c o n s i d e r e d  t o  be annoying.  

2 )  Three d i f f e r e n t  a n a l y s e s  of  o v e r  1200 person-days o f  d a t a  

produced by t h e  c u r r e n t  t e c h n i q u e  i n  two a i r p o r t  communities 

r e v e a l e d  no major d i f f e r e n c e s  i n  t h e  annoyance of a i r c r a f t  n o i s e  

exposure  as a  f u n c t i o n  o f  t i m e  of  day .  D i f f e r e n c e s  between 

morning and a f t e r n o o n  p e r i o d s  were s t a t i s t i c a l l y  i n s i g n i f i c a n t .  

D i f f e r e n c e s  between even ing  and n i g h t t i m e  p e r i o d s  and o t h e r  t i m e s  

of  day (morning, a f t e r n o o n ,  and combined dayt ime h o u r s ) ,  a l t h o u g h  

u n l i k e l y  t o  have a r i s e n  by  chance a l o n e ,  were s m a l i  ( l e s s  t h a n  

two d e c i b e l s )  and of  l i t t l e  p r a c t i c a l  s i g n i f i c a n c e .  

3 )  The observed d i f f e r e n c e s  i n  annoyance a t  d i f f e c e n t  t imes  of 

day do n o t  i n  themse lves  suppor t  t h e  c u r r e n t  1 0  dB n i g h t t i m e  

p e n a l t y  f o r  a i r c r a f t  n o i s e  exposure .  Indeed ,  t h e s e  s m a l l  d i f -  

f e r e n c e s  i n  s e n s i t i v i t y  would s u g g e s t  a s l i g h t l y  g r e a t e r  t o l e r a n c e  

f o r  n i g h t t i m e  n o i s e  exposure .  

4 )  The absence  of  d i r e c t  ev idence  o f  d i f f e r e n t i a l  annoyance a t  

v a r y i n g  t i m e s  o f  day does  n o t  r e s o l v e  t h e  c o n t r o v e r s y  over  t h e  

a p p r o p r i a t e n e s s  and magnitude of t ime  o f  day w e i g h t i n g  f a c t o r s  

f o r  cumula t ive  measures of  community r e a c t i o n  t o  n o i s e  exposure ,  

s i n c e  t h i s  c o n t r o v e r s y  a l s o  concerns  i s s u e s  hav ing  l i t t l e  t o  do 

w i t h  s c i e n t i f - i c  ev idence  o f  human r e a c t i o n s  t o  n o i s e  exposure .  



5 )  Conduct o f  more d e f i n i t i v e  s t u d i e s  of  t ime  o f  day  w e i g h t i n g  

f a c t o r s  by t h e  c u r r e n t  t e c h n i q u e  r e q u i r e s  development  o f  a micro-  
' I 

p r o c e s s o r  based  a p p a r a t u s  f o r  r e c o r d i n g  t h e  t i m e  o f  o c c u r r e n c e  

and  d e g r e e  o f  annoyance a t t r i b u t a b l e  t o  i n d i v i d u a l  a i r c r a f t  

f l y o v e r s  . 



R E F E R E N C E S  

F i d e l l ,  S . ,  G .  Jones  and K .  Pea r sons ,  " F e a s i b i l i t y  of a Novel 
Technique f o r  Assess ing  Noise-Induced Annoyance", Department o f  
~ r a n s ~ d r t a t i o n  Report  DOT-TST-74- 3, ~ e ~ t e m b e r  1973, NTIS PB- 
225334. 

F i d e l l ,  S . ,  and G .  Jones ,  " E f f e c t s  o f  C e s s a t i o n  of  Late-Night 
F l i g h t s  on a n  A i r p o r t  Community", J .  Sound and V i b r a t i o n ,  Vol .  
42, No. 3, October  1975. See  a l s o  "Reply t o  P a t t e r s o n ' s  Comments", 
J .  Sound and V i b r a t i o n ,  Vol. 4 7 ,  No. 3 ,  August 1976.  

Galloway, Wil l iam J . ,  "Night t ime Adjustment i n  t h e  R a t i n g  o f  
Community Noise Exposure", NASA C o n t r a c t  No. NAS1-14611, Sep- 
tember,  1977. 

H o r o n j e f f ,  Richard  D . ,  R ica rda  L .  Bennet t  and S h e r r i  R .  T e f f e t e l l e r ,  
" I n i t i a l  Study on t h e  E f f e c t s  o f  Transformer  and Transmiss ion  Line 
Noise on People :  S l e e p  I n t e r f e r e n c e " ,  Vol. 2, BBN Report  3710, 
December 1978. 

O l l e r h e a d ,  J .  B . ,  " V a r i a t i o n  o f  Community Response t o  ~ i r c r a f t  
Noise w i t h  Time of  Dayff, Noise C o n t r o l  Eng inee r ing ,  - l L ( 2 ) ,  68-78, 
September-October 1 9 7 8 .  

P u r c e l l ,  A .  and R .  Thorne, "An A l t e r n a t i v e  Method f o r  Assess ing  
t h e  P s y c h o l o g i c a l  E f f e c t s  o f  Noise i n  t h e  F i e l d " ,  J .  Sound and 
V i b r a t i o n ,  Vol.  55, No. 4 ,  December 1977, pp. 533-544. 

R o s e n b l i t h ,  Wal ter  A . ,  Kenneth N .  S tevens  and BBN S t a f f ,  "Hand- 
book of Acous t i c  Noise C o n t r o l :  Volume 11, Noise and Man", 
WADC T e c h n i c a l  Report  52-204, June  1953, Wright A i r  Development 
C e n t e r ,  Ohio. 

S c h u l t z ,  Theodore J . ,  " S y n t h e s i s  of  S o c i a l  Surveys  on-Noise  
Annoyance", J .  Acoust .  Soc.. A m . ,  Vol.  6 4 ,  No. 2 ,  August 1 9 7 8 .  

S t e v e n s ,  K . ,  W .  R o s e n b l i t h  and R .  B o l t ,  "A Community's R e a c t i o n  
t o  Noise:  Can It be F o r e c a s t ? " ,  Noise C o n t r o l ,  1, 1955, pp. 63- 
71.  



APPENDIX A 

TEST INSTRUCTIONS, SAMPLE POSTCARDS, 

A N D  S A M P L E  QUESTIONNAIRES 



8 

I 
Appendix A i n c l u d e s  a copy o f  t h e  d e t a i l e d  t e s t  i n s t r u c t i o n s  

g i v e n  t o  p a r t i c i p a n t s  i n  t h e  A t l a n t a ,  Georg ia  a r e a .  T e s t  

i n s t r u c t i o n s  g i v e n  t o  p a r t i c i p a n t s  i n  Burbank d i f f e r  o n l y  by 

t h e  sample p o s t c a r d  i n c l u d e d  i n  t h e  i n s t r u c t i o n s .  F i g u r e s  A - 1  

and A-2 show c o p i e s  of  t h e  p o s t c a r d s  used  by p a r t i c i p a n t s  i n  

t h e  two a r e a s .  Pre- and p o s t - s t u d y  q u e s t i o n n a i r e s  a r e  a l s o  1 i n c l u d e d  i n  t h e  Appendix. 

1 
1 

I 
I 
I 
I 

I 

I 
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ABOUT THIS STUDY 

The N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  ( N A S A )  

w o u l d  1  i k e  i n f o r m a t i o n -  a b o u t  how p e o p l e  r e a c t  t o  a i r c r a f t  

n o i s e  o n  a  d a y - t o - d a y  b a s i s - . i n  t h e i r  own homes. T h i s  i s  

n o t  t h e  f i r s t  s c i e n t i f i c  s t u d y  o f  o p i n i o n s  a b o u t  a i r c r a f t  

n o i s e ,  b u t  m o s t  p r e v i o u s  s t u d i e s  h a v e  u s e d  a  q u e s t i o n n a i r e  

t o  a s s e s s  p e o p l e ' s  r e a c t i o n s  t o  a i r c r a f t  n o i s e .  Q u e s t i o n -  

n a i r e s  o f t e n  a s k  q u e s t i o n s  l i k e  "How many t i m e s  a  d a y  a r e  

y o u  b o t h e r e d  by  a i r c r a f t  n o i s e ? "  t o  gauge p e o p l e s  r e a c t i o n s .  

Q u e s t i o n s  o f  t h i s  s o r t  may be  h a r d  f o r  p e o p l e  t o  answer ,  

s i n c e  r e a c t i o n s  t o  a i r c r a f t  n o i s e  may change  f r o m  d a y  t o  

d a y  o r  f r o m  h o u r  t o  h o u r .  T h i s  s t u d y  p r o v i d e s  p e o p l e  w i t h  

a n  o p p o r t u n i t y  t o  d i r e c t l y  r e g i s t e r  t h e i r  o p i n i o n s  a b o u t  

a i r c r a f t  n o i s e  a t  t h e  v e r y  moment i t  o c c u r s .  I 
2 

Boston Washirq:si! Los Angeles 
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The c o u n t e r  i s  your  way t o  i n d i c a t e  annoyance w i t h  an 

a i r c r a f t  f l y o v e r .  Your i n s t r u c t i o n s  a r e :  

P R E S S  T H E  C O U N T E R  O N C E  ( A N D  O N L Y  O N C E )  E A C H  T I M E  

Y O U  H E A R  A N  A I R C R A F T  F L Y O V E R  Y O U  W O U L D  R A T H E R  

N O T  H A V E  H E A R D  A T  T H A T  M O M E N T  

We a r e  i n t e r e s t e d  i n  o n l y  your  o p i n i o n  a b o u t  a i r c r a f t  n o i s e ,  

n o t  how you t h i n k  your f a m i l y  o r  f r i e n d s  would f e e l .  

However, your  job  i s  n o t  - t o  c o u n t  e a c h  a i r p l a n e  you can h e a r  

r e g a r d l e s s  o f  how loud o r  how f a i n t  i t  i s .  Noise measuring 

equipment i s  d o i n g  t h a t .  Your j o b  i s  t o  p r o v i d e  t h e  a l l  

i m p o r t a n t  human i n t e r p r e t a t i o n  and t o  c o u n t  o n l y  t h o s e  

a i r c r a f t  which a r e  annoying a t  t h e  moment you h e a r  

We know t h a t  many f a c t o r s  c o n t r i b u t e  t o  a  p e r s o n ' s  annoyance,  

and t h a t  you may push t h e  c o u n t e r  more o f t e n  some days t h a n  

o t h e r s .  A l l  we c a r e  abou t  however,  a r e  your  immediate 

f e e l i n g s  whenever you h e a r  a i r c r a f t  n o i s e .  

T h i s  i s  a  2 4  hour  s t u d y ,  s o  we want you t o  c o n t i n u e  t o  r e c o r d  

your r e a c t i o n s  t o  a i r c r a f t  n o i s e  even d u r i n g  t imes  when you 

a r e  normal ly  a s l e e p .  I n  s h o r t ,  we want you t o  t a k e  your  

c o u n t e r  t o  bed w i t h  you (.you can  p u t  it under  your  p i l l o w  o r  

some o t h e r  e a s y  t o  r e a c h  p l a c e ) ,  We d o n ' t  e x p e c t  you t o  

p r e s s  t h e  c o u n t e r  i n  your  s l e e p ,  b u t  i f  you s h o u l d  h e a r  a n  .. 

a i r c r a f t  f l y o v e r  you would r a t h e r  n o t  have  h e a r d  whi le  i n  

bed,  we want you t o  press .  t h e  c o u n t e r .  Fur the rmore ,  i f  you 

s h o u l d  wake up f o r  any r e a s o n  p r e s s  t h e  c o u n t e r  once.  
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HOW T O  U S E  T H E  POSTCARDS 

F i l l  ou t  one p o s t c a r d  eve ry  day. - 

WHEN YOU FIRST WAKE UP I N  THE MORNING s t a r t  a  new c a r d  by 

(1)  f i l l i n g  i n  t h e  d a t e  and ( 2 )  checking t h e  box which most 

c l o s e l y  d e s c r i b e s  how you s l e p t  t h e  p rev ious  n i g h t .  Then, 

. f i l l  i n  t h e  t ime (from t h e  wr i s twa tch  we prov ided)  and your 

coun te r  r e a d i n g  i n  t h e  two boxes nex t  t o  "Wake Up i n  Morning". 

DURING THE DAY AND EVENING we need t o  know how your op in ions  

vary  from t ime t o  t ime.  A s  o f t e n  a s  you f i n d  convenien t ,  

p l e a s e  w r i t e  down your c u r r e n t  a c t i v i t y ,  t h e  t ime (from t h e  

w r i s t w a t c h ) ,  and t h e  number showing on t h e  c o u n t e r .  A t  t h e  

very  l e a s t  we need t h i s  i n fo rma t ion  tw ice  d u r i n g  t h e  day,  

once a t  noon ( j u s t  be fo re  lunch)  and a g a i n  around 6 pm 

( j u s t  be fo re  d i n n e r ) .  

I F  YOU LEAVE YOUR HOME f o r  any r ea son  (such a s  f o r  shopping,  

t o  v i s i t  a  f r i e n d ,  e t c . )  we need t o  know when when you l e f t  

and when you r e t u r n e d .  When you l e a v e  p l e a s e  w r i t e  t h e  word 

LEAVE under "Ac t iv i t y " ,  t h e  t ime  (from t h e  wr i s twa tch ) ,  and 

t h e  number showing on t h e  c o u n t e r .  When you r e t u r n  w r i t e  t h e  

word RETURN under "Act iv i ty" ,  t h e  t ime ,  and t h e  number on t h e  

c o u n t e r .  

WHEN,YOU RETIRE FOR THE EVENING Wri te  t h e  word RETIRE under 

"Act iv i ty" ,  t h e  t ime ,  and t h e  number showing on t h e  counte r .  

Don' t  f o r g e t  t o  t a k e  t h e  c o u n t e r  t o  bed w i t h  you! 

I F  THE COUNTER IS PUSHED BY MISTAKE a t  any t ime ,  j u s t  w r i t e  

down t h e  number o f  t imes  you b e l i e v e  t h e  b u t t o n  was mis takenly  

p r e s s e d  and t h e  t ime  i t  occu r r ed  n e x t  t o  "(Number)" and 

"(Time)" i n  t h e  'lower r i g h t  hand c o r n e r  o f  t h e  ca rd .  
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HOW TO U S E  THE P O S T C A R D S  (continued) 

A SAMPLE CARD, c o r r e c t l y  f i l l e d  o u t ,  i s  shown below. 

I t # # # # "  i n  t h e  "Counter" column i s  supposed t o  mean t h e  

numbers showing on your c o u n t e r .  

Subject 

I 

COMMENTS: 
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WHEN YOU RUN OUT O F  POSTCARDS ... 8 
When you have completed your l a s t  p o s t c a r d  ( t h e r e  a r e  2 8  o f  

them) t h e  s t u d y  i s  over .  P l ea se  pu t  t h e  c o u n t e r  and b e l t  

i n  t h e  s m a l l ,  stamped envelope ( i t ' s  a  t i g h t  squeeze ,  b u t  i t  

w i l l  a l l  f i t )  and s t a p l e  t h e  envelope s h u t  ( t a p e  w i l l  do b u t  
\ 

4 s t a p l e s  a r e  much b e t t e r ) .  Do no t  pu t  t h e  wr i s twatch  i n  I 
t h e  envelope,  t h e  watch i s  yours  t o  keep as a  token of our  

a p p r e c i a t i o n  f o r  you r  h e l p .  Once a g a i n ,  THANK YOU! 

SHOULD YOU H A V E  FURTHER Q U E S T I O N S  ABOUT T H I S  STUDY ..; - 

I f  you would l i k e  f u r t h e r  in format ion  abou t  t h i s  s t udy  

p l e a s e  c a l l  u s  c o l l e c t  a t  213 / 347-8360. When t h e  

o p e r a t o r  a t  B o l t  ~ e r a n e k  6 Newman a n s w e r s , ,  j u s t  t e l l  h e r  . 

you a r e  c a l l i n g  from A t l a n t a  about  t h e  n o i s e  s tudy  and 

t h a t  you would l i k e  t o  speak w i t h  M r .  Richard Horonje f f .  
. . 



Subject No.: Date 
INSTRUCTIONS: 

Please press the counter bunon once each time you hear aircraft noise that you would rather not have heard. 
Write the time of day and the counter total on the hour in the space provided. The actual time must be 
the hour and minute shown by the wristwatch given to you. 

Actual Counter 
'Our t ime Total 1 "our 1 pyr 1 

10 pm 

Please call Ms Ricarda Bennett (213) 347-8360 if you have any questions. 

If the counter was advanced by mistake at any time (Number) /(Time) 
today, please note the number of mistaken pushes / 
and the time they occurred here: / 
How did you sleep last night? (Check one) 

very poorly poorly about as usual well very well Name 

. , 

NASA 09182 

Ricarda Bennett 
Bolt Beranek and Newman Inc. 
Post Office Box 633 
Canoga Park, California 91305 

FIGURE A - 1  RESPONDENT POSTCARD USED FOR DAILY REPORTING 
OF A N N O Y A N C E  RESPONSES (BURBANK, S I T E S  A 8, B )  

A - 7  



Richard Horonjeff 
Bolt Beranek and Newman Inc. 
Post Office Box 633 
Canoga Park, California 9 1305 

F I G U R E  A - 2  RESPONDENT POSTCARD USED FOR D A I L Y  REPORTING 
O F  A N N O Y A N C E  RESPONSES ( A T L A N T A ,  SITES C 8, D )  

B 
I 
I 
I 
I 
I 
8 

L 
Subject Date 

INSTRUCTIONS: 
1. When you wake up: 

a) Please tell us how you slept last night (check one) 
Ovary poorly Opoorly nabout as usual Owell nvery well 
b) Enter the TlME and COUNTER number at the top of the form below. 

2. During the remainder of the day enter the TlME and COUNTER number as frequently as i s  convenient, 
but at a minimum at lunch and d~nnenime. 

3. When you go to bed please enter the TIME and COUNTER number in the last soace orovided. - 

8 
C 
C 
3 
0 
U 

2' 
F 

r .- 
C 

2 

5 

?.F 
Ymb 
3z 

If the counter was advanced by mistake at any time (Numbor) I (Time) 
today, please note the number of mistaken pushes 
and the time they occurred here: 

I 
COMMENTS: 

\ 



PRE-STUDY 

QUESTIONNAIRE 

E d i t  Key P .  
I n t e r v i e w e r s  

I n i t i a l s  

I tem Q u e s t i o n  Response Code 

/ / / /  

C . C .  

1- 4 I A i r p o r t  I d e n t i f i c a t i o n  

S u b j e c t :  

I Name 
I 
Address 

I 
Phone 

S u b j e c t  I d e n t i f i c a t i o n  
No. - 

...... Number 

S u b j e c t ' s  Sex Female ...... 
Male ........ 

... Age ( Y r s )  S u b j e c t ' s  Year o f  
B i r t h  

How many c h i l d r e n  a r e  
l i v i n g  a t  home under  10  
y e a r s  of  age? 

Number of  
c h i l d r e n .  .... 
DK .......... 

How long  have you l i v e d  
a t  your p r e s e n t  a d d r e s s ?  

Number o f  
months ...... 

( Years )  

( Months ) 

Have you found a i r c r a f t  
f l y o v e r s  i n  your neigh- 
borhcod t o  be  annoying 
over  t h e  p a s t  y e a r ?  

Not a t  a l l . .  
S l i g h t l y  .... 
Modera te ly . .  
Very. ....... 
Ext remely . .  . 
DK .......... 
N A . . . .  ...... 



I n t e r v i e w e r s  
I n i t i a l s  

I t e m  

POST-STUDY 

QUESTIONNAIRE 

, ~ i r p o r t  I d e n t i f i c a t i o n  

S u b j e c t :  

Name 

Address  

Phone 

S u b j e c t  I d e n t i f i c a t i o n  
No. 

How annoying  were t h e  
a i r c r a f t  f l y o v e r s  i n  
your  ne ighborhood o v e r  
t h e  p a s t  y e a r ?  

How annoying  were t h e  
a i r c r a f t  f l y o v e r s  i n  
your  ne ighborhood 
d u r i n g  t h i s  s t u d y ?  

About how o f t e n  were you 
awakened by a i r c r a f t  f l y -  
o v e r s  d u r i n g  t h e  n i g h t  
d u r i n g  t h i s  s t u d y ?  

( t h e  i n t e r v i e w e r  p rompts . .  
... "once a week?" "once 

a n i g h t ? " ,  e t c . )  

(No. o f  t i m e s  p e r  wk. - ) 

Response 

Number ...... 

Not a t  a l l . .  
S l i g h t l y . .  . .  
Modera te ly .  . 

........ Very 
Ext remely .  . .  
DK .......... 
N A .  ......... 

Not a t  a l l . .  
S l i g h t l y  .... 
Modera te ly . .  ........ Very 
E x t r e m e l y . ,  . 
DK. ......... 
NA.  ......... 

Number.. . . . .  

E d i t  Key P .  -- 

Code C . C .  

1 - 4  



POST-STUDY 

QUESTIONNAIRE (CONT'D) 

Q u e s t i o n  

Is t h i s  ( u s e  t h e  answer 
from Q u e s t i o n  5 )  t y p i c a l  
f o r  t h e  whole y e a r ?  

( I f  t h e  answer t o  Q u e s t i o n  
6 was NO, t h e n  a s k  Ques- 
t i o n  7) 
- -~ --- - - ~ - 

About how o f t e n  would you 
e s t i m a t e  you were awa- 
kened by a i r c r a f t  
f l y o v e r s  d u r i n g  t h e  y e a r ?  

(Number o f  t imes  p e r  
y e a r  1 

We r e a l i z e  t h a t  you may 
n o t  have been e q u a l l y  
annoyed each t i m e  you 
pushed t h e  b u t t o n .  I f  
you c o u l d  have pushed 
t h e  b u t t o n  a s  o f t e n  a s  
you wanted ( i n s t e a d  of 
j u s t  o n c e ) ,  a c c o r d i n g  
t o  how b o t h e r e d  o r  
annoyed you were by a 
p a r t i c u l a r  f l y o v e r ,  
how o f t e n  would you 
have pushed t h e  b u t t o n  
f o r  each f l y o v e r  d u r i n g  
t h e :  

P l e a s e  e s t i m a t e  your  
income. Would you s a y  
i t  i s  between . . .(  r e a d  
t h e  c a t e g o r i e s ) .  

Response 

Yes .............. 
............... No 

......... Number.. 

Morning ( a f t e r  
awakening) ...... 

Afternoon 
( a f t e r  l u n c h )  ... 

Evening ( a f t e r  
d i n n e r ) .  ......... 

Night  ( s l e e p  
t i m e )  ........... 

$10-$15000 ....... 
$15-$20000 . . . . . . .  
$20-$25000 ....... 
$25-$30000 . . . . . . .  
$30 o r  m o r e . . . . . .  

DK.  .............. 
N A .  .............. 

Code C . C .  



A P P E N D I X  B 

N O I S E  MONITOR I N S T R U M E N T A T I O N  



A P P E N D I X  B 

N O I S E  M O N I T O R  I N S T R U M E N T A T I O N  

The n o i s e  moni tor  u n i t  used i n  t h i s  s t u d y  i s  t h e  BBN Model 

704, des igned  e s p e c i a l l y  f o r  una t t ended  moni to r ing  o f  a i r -  

c r a f t  and community n o i s e  o v e r  l o n g  p e r i o d s  of  t i m e .  The 

u n i t  i s  c a p a b l e  o f  o p e r a t i n g  f o r  s e v e r a l  days  una t t ended ;  

however, r o u t i n e  c a l i b r a t i o n  was performed d a i l y  i n  A t l a n t a  

and every  o t h e r  day i n  Burbank t o  i n s u r e  d a t a  a c c u r a c y .  

F i g u r e  B-1 shows t h e  Model 704 i n  f i e l d  s e r v i c e .  The u n i t  

c o n s i s t s  o f  a  Genera l  Radio,  1/2 i n c h  e l e c t r e t  microphone, 

moni tor  c o n t r o l  u n i t  and d i g i t a l  c a s s e t t e  tap.e r e c o r d e r .  

The u n i t  a l s o  i n c o r p o r a t e s  a  s m a l l  keyboard by which anno- 

t a t i o n  ( such  a s  s i t e  l o c a t i o n ,  d a t e ,  i n s t r u m e n t a t i o n  s e r i a l  

numbers, e t c . )  may be  d i r e c t l y  coded on t h e  d i g i t a l  magnetic  

t a p e .  

The moni to r  can  o p e r a t e  i n  one o f  two u s e r - s e l e c t a b l e  c o n f i -  

g u r a t i o n s ,  " t ime h i s t o r y  mode" o r  " s t a t i s t i c a l  modett, depending 

upon t h e  p a r t i c u l a r  a p p l i c a t i o n  i n v o l v e d .  I n  t ime  h i s t o r y  

mode, t h e  h i s t o r y  of  i n d i v i d u a l  n o i s e  . i n t r u s i o n s  (such a s  

a i r c r a f t  f l y o v e r s )  i s  r e t a i n e d .  S t a t i s t i c a l  mode p r o v i d e s  

d e t a i l e d  s t a t i s t i c s  of  h o u r l y  sound l e v e l s  a t  t h e  expense 

of  l o s i n g  t h e  i d e n t i t y  of  i n d i v i d u a l  e v e n t s ;  "Time h i s t o r y f t  

mode was used i n  t h i s  s t u d y .  . 

The e n t i r e  sys tem meets  Type 1 sound l e v e l  me te r  s p e c i f i c a t i o n s .  

A l l  d a t a  were r e c o r d e d  u s i n g  t h e  A-weighting network and "slow" 
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m e t e r  dynamics.  The d i g i t a l  c a s s e t t e s  r e t r i e v e d  from t h e  

u n i t s  were s e n t  t o  o u r  l a b o r a t o r y  f o r  a n a l y s i s  on a d i g i t a l  

computer .  The summary d a t a  p rov ided  by t h e  computer forms 

t h e  h e a r t  o f  t h e  i n f o r m a t i o n  g a t h e r e d  i n  t h i s  s t u d y .  

A b l o c k  d iag ram o f  t h e  u n i t  o p e r a t i n g  i n  " t i m e  h i s t o r y "  mode 

i s  shown i n  F i g u r e  B-2. I n  t h i s  mode o p e r a t i o n  i s  c o n t r o l l e d  

by a u s e r - s e l e c t a b l e  sound l e v e l  t h r e s h o l d .  Dur ing  p e r i o d s  

when t h e  sound l e v e l  d o e s  n o t  exceed t h e  t h r e s h o l d ,  t h e  moni- 

t o r  u n i t  r ema ins  i n  a q u i e s c e n t  s t a t e .  However, when a n  

a i r c r a f t  o r  o t h e r  t r a n s i e n t  n o i s e  i n t r u s i o n  o c c u r s  and t h e  

sound l e v e l  r i s e s  above t h e  p r e s e t  t h r e s h o l d  v a l u e  t h e  sound 

l e v e l  i s  d i g i t i z e d  and r e c o r d e d  on d i g i t a l  t a p e .  The m o n i t o r  

u n i t  c o n t i n u e s  t o  d i g i t i z e  t h e  r e c o r d i n g  a t  a  one second r a t e  

as l o n g  as t h e  t h r e s h o l d  i s  exceeded.  When t h e  sound l e v e l  

d r o p s  below t h e  t h r e s h o l d  v a l u e ,  sound l e v e l  r e c o r d i n g  c e a s e s  

and t h e  t ime-of-day i s  r e c o r d e d  on t h e  t a p e  ( f rom an  i n t e r n a l  

d i g i t a l  c l o c k ) .  The u n i t  t h e n  r e t u r n s  t o  i t s  q u i e s c e n t  s t a t e .  

I n  t h i s  manner,  o n l y  s i g n i f i c a n t  n o i s e  i n t r u s i o n s  and t h e i r  

t i m e  o f  o c c u r r e n c e  a r e  r e c o r d e d .  T h i s  mode o f  o p e r a t i o n  i s  

c o n s i s t e n t  w i t h  s t a t e  a i r p o r t  n o i s e  r e g u l a t i o n s  and p r o v i d e s  

a means f o r  s e p a r a t i n g  t h e  l o w e r  l e v e l  background n o i s e  

envi ronment  from t h e  h i g h e r  a i r c r a f t  n o i s e  l e v e l s .  The dynamic 

r a n g e  o f  t h e  i n s t r u m e n t  i s  100 d e c i b e l s .  

The d i g i t a l  t a p e s  r e c o r d e d  by t h e  m o n i t o r  a r e  p r o c e s s e d  by a 

D ig i t a l  Equipment C o r p o r a t i o n  PDP-8 computer  t o  s i n g l e  

e v e n t ,  h o u r l y ,  and d a i l y  s t a t i s t i c s .  .Y.\ 

A t y p i c a l  computer  p r i n t o u t  i s  shown i n  F i g u r e  B-3. Note t h a t  

f o r  e a c h  n o i s e  i n t r u s i o n ,  t h e  t i m e  o f  d a y ,  t h e  maximum l e v e l ,  
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.TIME . 

16: 16-9 
. - 

16t28.1 
16:33.2 
16835.0 

<16135.1 
t6:49*5 

S H N L  (1600 

. M A X  DUR SENEL 
78-0 26 86.9 
77-0  22 87.8 
77.0 3 79.2 
96.0 1 1  1040'3 
77.0 2 3  88.1 
71 -0  4 75.6 
78.0 14 86.5 
TO 1659) = 69.1 

TI ME MAX DUR SENEL 
17:01.3 78.0 29 88.4 
17:17-3 81.0 1 3  88 -6  
1 7 f 2 5 . 9 ' 8 2 . 0  29 91.3 

<17135-0 75.0 14 81.5 
<17r35.1 72.0 . 6 77.6 

B HNL ci700 ~ 0 . 1 7 5 9 )  = 59.3 

.TIME MAX DUR SENEL 
18:OS.B 7-6.0 21 85.7 

<18:1.1.6 72.0 8 79.1 
*1.8:16.5 66.0 2 69.1 

18r21.2 78.0 16 88.3 
<18:41.7 72.0 7 79-4  

B H N L  (1800 TO 1859) = 55.5 

TIME 
19117-0 

<19;17.3 
<19!17-3 

19:24*5 
19t24.8 
19:29*8 
19Z33.0 

- - 
1 9 ~ 3 9 . 6  

B HNL (1900 

MAX DUR SENEL 
75.0 24 85.4 
75.0 12 80.8 
69.0 .2 71.7 
76.0 19 85.2 
75.0 8 82.9 
80.0 17 88.5 
78.0 21 88.5 
77.0 32 88.6 
75.0 30 85.9 
T O  1959) = 60.0 

TIME MAX DUR SENEL 
2 0 ; 1 0 . 9  76.0 4 8  90.4 
2 0 ~ 5 4 - 1  78.0 22 88.6 . 

B HNL (2000 TO 2059) = 57. 1 

F I G U R E  B-3.  T Y P I C A L  C O M P U T E R  O U T P U T  F R O M  N O I S E  M O N I T O R  S Y S T E M  

B- 5 



t h e  t ime  d u r a t i o n  f o r  which t h e  l e v e l  i s  w i t h i n  1 0  d e c i b e l s  of  

t h e  maximum v a l u e ,  and t h e  s i n g l e  e v e n t  n o i s e  exposure  l e v e l  

(SENEL) a r e  t a b u l a t e d .  I n  a d d i t i o n  t h e  h o u r l y  n o i s e  l e v e l  (HNL) 

i s  t a b u l a t e d  a t  t h e  end of each hour .  F i n a l l y ,  a t  t h e  end o f  

each day ,  t h e  community n o i s e  e q u i v a l e n t  l e v e l  (CNEL) and day- 

n i g h t  a v e r a g e  l e v e l  (Ldn )  a r e  l i s t e d .  

The e f f e c t  o f  t h e  d i g i t i z a t i o n  p r o c e s s  on computed sound expo- 

s u r e  l e v e l  (SEL) accuracy  i s  shown i n  F i g u r e  B-4. Within t h e  

m o n i t o r ,  t h e  o u t p u t  o f  t h e  microphone i s  c o n v e r t e d  by a n a l o g  

c i r c u i t r y  t o  a t ime-vary ing  DC v o l t a g e  p r o p o r t i o n a l  t o  t h e  A- 

weighted ,  s low-response sound l e v e l  i n  d e c i b e l s .  A t  a  f i x e d  

p e r i o d  r a t e  ( i n  t h i s  s tudy  once p e r  second) ,  t h e  i n s t a n t a n e o u s  

DC v o l t a g e  is' d i g i t i z e d  ( i n  t h i s  s t u d y  t o  a  r e s o l u t i o n  o f  one 

d e c i b e l )  and r e c o r d e d  on d i g i t a l  t a p e .  L a t e r ,  t h e  t a p e  i s  

p rocessed  by a  d i g i t a l  computer which computes t h e  s-ound expo- 

s u r e  l e v e l  of  each  n o i s e  e v e n t  by a n  energy summation of  t h e s e  

d i g i t i z e d  l e v e l s .  F i g u r e  B-4 shows t h e  - + 95 p e r c e n t  conf idence  

i n t e r v a l  on t h e  computed SEL a s  a  f u n c t i o n  of  s i g n a l  d u r a t i o n  

10 dB down from t h e  maximum v a l u e  a t  3 d i f f e r e n t  d i g i t i z a t i o n  

r a t e s  ( t h e  middle  curve  a p p l i e s  t o  t h i s  s t u d y ) .  B a s i c a l l y ,  

t h e  g raph  a s c r i b e s  numer ica l  v a l u e s  t o  common s e n s e  expec ta -  

t i o n s .  A t  v e r y  l o n g  d u r a t i o n s  ( e . g . ,  60 seconds  o r  g r e a t e r )  

t h e  s i g n a l  r i s e s  and decays  s lowly  wi th  t i m e ,  and t h e  p robab le  

e r r o r  i s  l e s s  t h a n  - + 0 . 1  dB due t o  t h e  l a r g e  number of i n d i -  

v i d u a l  sound l e v e l s  i n c o r p o r a t e d  i n  t h e  summation. I n  c o n t r a s t ,  

t h e  p r o b a b l e  e r r o r  i n c r e a s e s  f o r  s h o r t  d u r a t i o n  ( f a s t  r i s e /  

d e c a y )  s i g n a l s  s i n c e  fewer  d i g i t i z e d  sound l e v e l s  c o n t r i b u t e  t o  

t h e  sum. I n  t h i s  c a s e  the-  v a l u e  of  t h e  sum becomes more 

s e n s i t i v e  t o  t h e  p r e c i ~ e - i n s t a n t  a t  which t h e  sound l e v e l  was - .  

d i g i t i z e d  by t h e  moni to r .  



FIGURE B - 4 .  SOUND EXPOSURE LEVEL COMPUTATIONAL ERROR BOUNDS DUE 
TO FINITE SAMPLING R A T E  ( 1  dB S P L  RESOLUTION) 



A l l  t h i n g s  c o n s i d e r e d ,  however, t h e  95 p e r c e n t  conf idence  

i n t e r v a l  d o e s  - n o t  grow e x c e s s i v e l y  l a r g e  even f o r  r e l a t i v e l y  

s h o r t  d u r a t i o n s .  For  example, t h e  i n t e r v a l  i s  l e s s  t h a n  + - 
0 . 5  dB f o r  a l l  d u r a t i o n s  i n  e x c e s s  of f o u r  seconds .  By way 

of  comparison,  a  r ev iew o f  t h e  n o i s e  moni to r  d a t a  a t  s i t e s  

n e a r e s t  t h e  a i r p o r t  r e v e a l s  t h a t  d u r a t i o n s  l e s s  t h a n  s i x  o r  

seven seconds  a r e  r a r e l y  obse rved .  



A P P E N D I X  C  

N O I S E  E i I V I R O N M E N T  S T A T I S T I C S  



A P P E N D I X  C 

N O I S E  E N V I R O N M E N T  S T A T I S T I C S  

Appendix C p r o v i d e s  a  d e t a i l e d  d e s c r i p t i o n  o f  t h e  n o i s e  env i -  

ronment i n  each  o f  t h e  f o u r  r e sponden t  communities invo lved  

i n  t h i s  s t u d y .  I n  each community a  s i n g l e ,  c e n t r a l l y  l o c a t e d  

n o i s e  moni tor  ( d e s c r i b e d  i n  Appendix B )  r e c o r d e d  a i r c r a f t  

n o i s e  l e v e l s .  The moni tor  provided i n f o r m a t i o n  on t h e  t ime of  

occur rence ,  maximum A-level ,  and sound exposure  l e v e l  of each 

a i r c r a f t  n o i s e  i n t r u s i o n  d u r i n g  t h e  s t u d y .  The f o l l o w i n g  d a t a  

i s  compiled from t h e  n o i s e  moni to r  r e c o r d s .  . 
F i g u r e  C - 1  shows t h e  d i s t r i b u t i o n  o f  a i r c r a f t  a c t i v i t y  over  

t h e  c o u r s e  o f  t h e  day .  C l e a r l y  i l l u s t r a t e d  i s  t h e  s u b s t a n t i a l  

d i f f e r e n c e  i n  even ing  and n i g h t t i m e  a c t i v i t y  between t h e  Burbank 

and A t l a n t a  communit ies .  A t  Burbank, t h e r e  i s  no commercial j e t  

a i r c r a f t  a c t i v i t y  b e f o r e  7 a.m., n o r  a f t e r  10  p.m. A t  A t l a n t a ,  

t h e r e  i s  s u b s t a n t i a l  a c t i v i t y  from 5  p.m. u n t i l  1 : 3 0  a.m. t h e  

f o l l o w i n g  morning. I n  f a c t ,  a t  S i t e  4585, 1 5  p e r c e n t  o f  t h e  a 

a i r c r a f t  a c t i v i t y  o c c u r r e d  between 1 0  p.m. and 7 a . m . ,  and a t  

S i t e  3996, 25 p e r c e n t  of  t h e  a c t i v i t y  o c c u r r e d  d u r i n g  t h e  same 

p e r i o d .  

F i g u r e  C - 1  d e p i c t s  t o t a l  a i r c r a f t  o p e r a t i o n s  wi thou t  r e g a r d  t o  

t h e  s i z e  of  t h e  a i r c r a f t  o r  t h e  n o i s e  l e v e l  it produced.  F i g u r e s  

C-2, C-3, C - 4 ,  and C-5 p rov ide  t h e  n o i s e  l e v e l  i n f o r m a t i o n  f o r  

each of  t h e  f o u r  communit ies .  Each o f  t h e s e  f i g u r e s  shows t h e  

d i s t r i b u t i o n  of  sound exposure  l e v e l s  from i n d i v i d u a l  e v e n t s  



I 

o c c u r r i n g  w i t h i n  f o u r  d i f f e r e n t  t ime  p e r i o d s  o f  t h e  day .  Two 

immediate o b s e r v a t i o n s  may be made. F i r s t ,  f o r  any one 

community, t h e  r e l a t i v e  d i s t r i b u t i o n  of  sound l e v e l s  remains 

e s s e n t i a l l y  c o n s t a n t .  o v e r  t h e  e n t i r e  day .  Second, t h e -  d i s t r i -  

b u t i o n  o f  l e v e l s  a t  a l l  s i t e s  t e n d s  t o  be bimodal (.most pro-  

nounced a t  Burbank).  For  t h e  Burbank communit ies ,  t h e  a i r c r a f t  

n o t s e  environment  i s  d i c t a t e d  a lmost  e x c l u s i v e l y  by d e p a r t u r e s ,  

and  t h e  b i m o d a l i t y  a r i s e s  from t h e  mix o f  g e n e r a l  a v i a t i o n  pro-  

p e l l e r  a i r c r a f t  and commercial j e t s  (B-727ls,  B-737's and DC-9's). 

A t  A t l a n t a ,  t h e  a i r c r a f t  a c t i v i t y  i s  a lmos t  e x c l u s i v e l y  commercial 

j e t s ,  and t h e  b i m o d a l i t y  a r i s e s  o u t  o f  t h e  mix o f  a r r i v a l s  and 

d e p a r t u r e s  o v e r f l y i n g  t h e  community. 
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A F T E R N O O N  
J 

Sound Exposure  L e v e l  i n  dB Sound Exposure  L e v e l  i n  dB 

0 
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. = 'I0[ 

E Y  E N I N G  "i N I G H T  

Sound Exposure  L e v e l  i n  dB Sound Exposure  L e v e l  i n  dB 1 

FIGURE C-2.  D ISTRIBUTION OF AIRCRAFT S O U N D  EXPOSURE LEVELS AT N O I S E  
MEASUREMENT SITE 2 0 3 6  ( C O M M U N I T Y  A )  



Sound Exposure  L e v e l  i n  d B  Sound Exposure  L e v e l  i n  dB . 

lor N I G H T  
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Sound Exposure  L e v e l  i n  dB 

60 7b sb 9b ~ b o  
Sound Exposure  L e v e l  i n  dB 

FIGURE C-3. DISTRIBUTION OF AIRCRAFT SOUND EXPOSURE LEVELS A T  NOISE 
MEASUREMENT SITE 6 2 2 9  (COMMUNITY B) 



A F T E R N O O N  
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FIGURE 6 - 4 . .  DISTRIBUTION OF AIRCRAFT 'SOUND EXPOSURE LEVELS AT NOISE 
MEASUREMENT S I T E  4 5 8 5 -  (COMMUNITY C) 
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FIGURE C - 5 .  DISTRIBUTION OF AIRCRAFT SOUND EXPOSURE LEVELS AT NOISE 
M E A S U R E M E N T  S I T E  3 9 9 6  (COMMUNITY D)  
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T A B U L A T I O N S  O F  R E S P O N S E  D A T A  



T A B L E  D-I E S T I M A T E D  ANNOYANCE T H R E S H O L D S  I N  T E R M S  O F  

SOUND E X P O S U R E  L E V E L  ( S E L )  

R e s p o n d e n t  
M o r n i n g  A f t e r n o o n  D a y t i m e  

0630-1230 1130-1930 0630-1930 

COMMUNITY A (BURBANK, C A . )  

COl'4MUNITY B (BURBANK, C A .  ) 

E v e n i n g  
1800-0100 

N i g h t  
2130-0730 



TABLE D - 1  ESTIMATED ANNOYANCE THRESHOLDS I N  TERMS OF 

SOUND EXPOSURE LEVEL (SEL) (CONT'D) 

Respondent  
Morning Af te rnoon  Daytime Evening  

0630-1230 1130-1930 0630-1930 1800-0100 
Night  

2130-0730 



T A B L E  D - I 1  E S T I M A T E D  ANNOYANCE T H R E S H O L D S  I N  T E R M S  O F  

MAXIMUM A - W E I G H T E D  S O U N D  L E V E L  

R e s p o n d e n t  
M o r n i n g  A f t e r n o o n  D a y t i m e  E v e n i n g  

-0630-1230 1130-1930 0630-1930 1800-0100 

103.06  
98 .50  
83 .27  
99 .56  
97 .78  
91.60 
go .  00 
87.45 
go .  20 
87.18 

COMMUNITY A ( B U R B A N K ,  C A . )  

COMMUNITY B ( B U R B A N K ,  C A . )  

Night 
2130-0730 

COMMUNITY C ( A T L A N T A ,  G A . )  

90.87 
84.18 
8 3 . 1 3  
92 93 
9 5 - 9 4  
9 4 - 9 7  
88.22 
90.88 
91.24 
go .  08 
90.75 



T A B L E  D - I 1  E S T I M A T E D  A N N O Y A N C E . T H R E S H O L D S  I N  T E R M S  O F  
I 

MAXIMUM A-WEIGHTED SOUND L E V E L  ( C O N T ' D )  II 
M o r n i n g  A f t e r n o o n  D a y t i m e  Evening N i g h t  

R e s p o n d e n t  0630-1230, 1130-1930 0630-1930 1800-0100 2130-0730 I 
COMMUNITY D ( A T L A N T A ,  G A . )  



T A B L E  D-111 C U M U L A T I V E  S O U N D  E X P O S U X E  AND C U M U L A T I V E  ANNOYANCE 

PERIOD OF DAY 

Morning 
0630-1230 

Afternoon 
1130-19 30 

Daytime 
0630-1930 

Evening 
18OC-0100 

Number Number Number Number 
o f  Energy o f Energy o f Energy o f  Energy 

Respondent Responses (dB) Responses - -- (dB) Responses (dB) Responses (dB) -- 

Night 
2130-0730 

Number 
o f Energy 

Responses (dB) 



I T A B L E  D - I I I C U M U L A T I V E  S O U N D  E X P O S U R E  AND C U M U L A T I V E  ANNOYANCE ( C O N T ' D )  

Period of Day 

Morning 
0630-1230 

Afternoon Daytime 
1130-1930 0630-1930 

Evening Night 

1 Number Number Number Number Number 
o f  Energy o f  Energy o f  Energy o f  Energy o f  Energy 

Respondent Responses (dB) Responses (dB) Responses (dB) Responses (dB) Responses (dB) 

COMMUNITY D (ATLANTA, GA . ) 



T A B L E  D - I V  E S T I M A T E D  U N I T  ANNOYANCE S O U N D  E X P O S U R E  L E V E L  

R e s p o n d e n t  
M o r n i n g  A f t e r n o o n  D a y t i m e  

0630-1230 1130-1930 0630-1930 

COMMUNITY A ( B U R B A N K ,  C A . )  

COMMUNITY C ( A T L A N T A ,  G A . )  

Evening 
1800-0100 

N i g h t  
2130-0730 



I 

I 
I 

T A B L E  D - I V  E S T I M A T E D  U N I T  ANNOYANCE SOUND E X P O S U R E  L E V E L  ( C O N T ' D )  1 
M o r n i n g  A f t e r n o o n  D a y t i m e  Evening N i g h t  

R e s p o n d e n t  0630-1230 1130-1930 0630-1930 1800-0100 2130-0730 I 
COMMUNITY D ( A T L A N T A ,  G A . )  

216 111.76 114.45 114.13 112.56 114.21 
1 

222 114.64 116.73 116.08 117.87 119.34 
223 110.80 108.55 108.92 log. 58 110.92 
224 109. 26 111.38 110.77 112.41 111.57 

105.38 104.39 104.94 104.35 109. 29 

1 
225 
226 115 99 117.51 117.21 116.00 115.71 
227 110.32 110.02 110.46 107 -61 106.47 
228 102.26 103.49 102.86 103.60 103.52 

I 
229 104.65 105 33 105.01 105.34 105.64 
230 105.77 106.44 105.98 108.48 108.58 
231 103.13 104.94 103.74 104.15 . 105.48 

102.04 103.43 103.31 104.51 -- 
1 

232 
233 105.45 105.40 105.50 105.56 108.79 
234 109.67 111.46 111.05 109.27 111.91 

107.77 110.69 110.02 110.00 110.19 

I 
235 
237 109 39 113.14 110.41 109 57 112.12 
238 107.76 107.90 107.90 108.97 110.16 
239 113 79 115.06 115.34 115.49 118.80 

I 
240 114.14 110.50 114.31 113.89 114.11 I 

- 
I I 

1 
I 
I 
I 
I 



TABLE E - I  DIFFERENCES I N  ESTIDTATED ANNOYANCE THRESHOLDS I N  TERMS OF 

SOUND EXPOSURE LEVEL 

Respondent Eve-Day Night-Day Eve-Morn Night-Morn Eve-Af t Night-Aft., Night-Eve 

- 

*Indicates mean value differs from zero at .05 level of confidence. 



TABLE E-I DIFFERENCES I N  ESTIMATED ANNOYANCE THRESHOLDS I N  TERMS OF 

SOUND EXPOSURE LEVEL ( C O N T ' D )  

Respondent Eve-Day Night-Day Aft-Morn Eve-Morn Night-Morn - Eve-Aft Night-Aft ~ight-Eve 

COMMUNITY C (ATLANTA, GA.1 

*Indicates mean value differs from zero at .05 level of confidence. 



TABLE E-I DIFFERENCES I N  ESTIMATED ANNOYANCE THRESHOLDS I N  TERMS OF 

SOUND EXPOSURE LEVEL (CONT'D) 

R e s p o n d e n t  . E v e - D a y  N i g h t - D a y  A f t - M o r n  E v e - M o r n  N i g h t - M o r n  E v e - A f t  N i g h t - A f t  ~ i g h t - E v e  

COMMUNITY D (ATLANTA, G A . )  

ALL RESPONDENTS 

*Indicates m e a n  value differs  f r o m  zero a t  .05 level of c o n f i d e n c e .  



TABLE E-I1 DIFFERENCES IN ESTIMATED ANNOYANCE THRESHOLDS IN TERMS OF 

I MAXIMUM A-WEIGHTED SOUND L E V E L  

I Respondent Eve-Dax Night-Day ' Aft-Morn Eve-Morn Night-Morn . .  Eve-Aft . . ,Night-Aft .  .: Night-Eve 

*Indicates mean value d i f f e r s  from zero at  .05 l e v e l  o f  confidence. 



Respondent 

TABLEE-I1  DIFFERENCES I N  ESTIMATED ANNOYANCE THRESHOLDS I N  TERMS OF 

MAXIMUM A-WEIGHTED SOUND LEVEL ( C O N T ' D )  

Night-Day 

2.88 
5.64 
4.65 
1.03 

.09 
- 5.90 

3.48 
.68 
- 5 3  

- .10 
.87 

Aft-Morn Eve-Morn Night-Morn 

COMMUNITY C (ATLANTA, G A . )  

Night-Aft 

3.10 
5.94 
4.64 
1.07 

-35  
- 5.93 

3.65 
.87 
.78 
.65 
.70 

Night-Eve 

2.24 
6.15 
4.05 

- 3 6  
1.87 

- 3.49 
4.00 
2.12  

.58 
1.37 

.98 -  

*Indicates  mean value d i f f e r s  from zero a t  .05 l e v e l  o f  confidence. 



ALL RESPONDENTS 

I 

N 46 2 9 4 6 4 6 2 9 46 29 2 9 

"Indicates mean value differs from zero at -05 level of confidence. 

. . 

TABLEE-IIDIFFERENCES I N  ESTIMATED ANNOYANCE THRESHOLDS I N  TERMS OF 

MAXIMUM A'-WEIGHTED SOUND LEVEL ( CONT D) 
I 

Respondent Eve-Day Night-Day Aft-Morn Eve-Morn Night-Morn Eve-Aft ' Night-Aft ~ight-Eve - 
CWUNITY D (ATLANTA, GA.) 

216 - 1.67 - .62 1.87 -04 1.09 - 1.83 - .78 1.05 
222 .40 .12 1.02 1.09 ' .81 .07 - .21 - .28 
223 .85 1.31 - 2.56 - 1.15 - -69 1.41 1.87 .46 
2 24 -79 - .61 1.45 1.82 .42 .37 , - 1.03 - 1.40 
225 - 1.05 4.45 - 2.53 - 2.07 3.43 .46 5.96 5.50 ' 

226 - .56 - 1.85 1.35 -49 - .80 - -86 - 2.15 - 1.29 
227 - 2.28 - 3.07 - .36 - 2.24 - 3.03 - ,  1.88 - 2.67 - .79 
228 1.22 .42 - -11 1.16 .36 1.27 -47 - -80 
229 .93 .47 .48 1.01 .55 1.49 1.03 - .46 
230 2.43 1.94 -46 2.40. 1.91 1.94 1.45 - -49 
2 31 -77 2.09 . 1.36 1.00 2.32 - .36 . .96 1.32 
232 2.14 -- 1.41 3.68 - - 2.27 -- -- 
233 .04 4.07 - -78 - .43 3.60 .35 4.38 4.03 
234 - 1.31 - , .45 1.16 - -36 .50 - 1.52 - -66 -86 

M 235 - .02 - .63 1.89 1.42 -81 - .47 - 1.08 - ..61 
I 

237 m .02 .70 3.11 .86 1.54 - 2.25 - 1.57 .68 
238 .90 2.02 - 1.27 . -25 1.37 1.52 2.64 1.12 
2 39 .18 .87 .10 .69 1.38 .59 , 1.28 -69 
240 - .83 .09 - 2.33 - 1.03 - -11 1.30 2.22 .92 



Respondent 

TABLE E-111 DIFFERENCES I N  U N I T  ANNOYANCE SOUND . . 

EXPOSURE LEVEL 

Eve-Day Night-Day Aft-Morn Eve-Morn Night-Morn Eve-Aft 

COMMUNITY A (BURBANK, CA. ) 

Night-Aft Night-Eve 

*Indicates mean value differs from zero at -05 level of confidence. 



TABLE E-111  DIFFERENCES I N  UNIT ANNOYANCE SOUND 

. . EXPOSURE LEVEL ( C O N T - ' ~ j  

Respondent Eve-Day Night-Day Aft-Morn Eve-Morn Night-Morn 

COMMUNITY C (ATLANTA, GA.) 

Eve-Af t Niaht -A£ t Night-Eve 

*Indicates mean value differs from zero at -05 level of confidence. 



TABLE E-I11 DIFFERENCES IN UNIT ANNOYANCE'SOUND 

EXPOSURE .LEVEL (CONT ID) 

Respondent Eve-Day Aft-Morn Eve-Morn Night-Morn 

COMMUNITY D (ATLANTA, GA. ) 

Eve-Af t 

- 1.89 
1.13 
1 .02  
1 .03 

- .04 
- '1 .51 
- 2.41 

-10 
- 0 1  

2.04 
- .79 

1 .08  
.16 

- 2.19 
- .69 
- 3.57 

1.07 
, - 43  
3.39 

Night-Aft Night -Eve 

ALL RESPONDENTS 

- 
x - .34 1.11* .07 - .IS 1 . 4 8 ~  - -22 1. i o *  1.37* 

0 1.36 2.22 1.57 1.54 2.28 1 .53 2.31 1 .73 

N 46 2 9 46 4 6 2 9 4 6 29 2 9 

* I n d i c a t e s  mean v a l u e  d i f f e r s  from z e r o  a t  .05 l e v e l  o f  conf idence.  



TABLE E-IV COMPARISON OF WEIGHTING FACTORS DERIVED FROM 

ALTERNATIVE METHODS OF ANALYSIS 

A n a l y s i s  Eve- Night- Aft- Eve- Night- Eve- Night- Night- 
Method D a y D a y -  Morn Morn Morn Aft A f t  Eve 

A-Max 
Thresho ld  

SEL I 
Thresho ld  

Uni t  
Annoyance 
SEL 

* I n d i c a t e s  mean v a l u e  d i f f e r s  from z e r o  a t  . 05  l e v e l  o f  conf idence .  




